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ABSTRACT

This report provides the instructions for using a suite of computer
codes to calculate approximately the three-dimensional boundary layer
on ship hulls. There are two sets of codes for computing boundary
layers. One is for computing a first-order approximation and is based
on a slenderbody potential and the small crossflow assumption. The
secor. set of codes uses a general three-dimensional calculation method
for the potential flow and solves the three-dimensional momentum integral
boundary-layer equations without making restrictive assumptions on
the magnitude of the crossflow. An example problem is presented for
both methodr,

ADMINISTRATIVE INFORMATION

The work supported herein was supported by the General Hydromechanics Research

Program under Task Area SR 023-01-01 and Work Unit 1552-070.

I. INTRODUCTION

This manual provides the instructions for using a suite of computer codes to

calculate approximately the three-dimensional turbulent boundary layer on ship hulls.

The development of the methods programmed into this suite of boundary-layer codes,

from here on designated BLC for the entire system of programs, is given in five

references (1-5).

The package BLC has two sets of codes. The first set of codes is for computing

a first-order approximation to the three-dimensional boundary layer on fairly fine

ships such as a Series 60, Block 60 hull. These codes use slender-body-theory

1
potential flow , at zero Froude number, to obtain the input pressure distribution.

Secondly, the three-dimensional momentum integral equations with the assumption of
2small crossflow in the boundary layer are solved in streamline coordinates . This

is another reason restricting these codes to slender ships. This set of codes is

very easy to use and inexpensive to run on a computer so that for a first estimate

of the ship boundary layer, it may be useful to employ them. Run time is less than

two minutes for this code, whereas, twenty to thirty minutes is required by the

second set of codes.

The second set of codes in BLC is more general in that the slender-body-theory

1 go -m



potential flow calculation method is replaced by a general three-dimensional cal-

culation method. Furthermore, the three-dimensional momentum integral boundary-

layer equations are solved in a general orthogonal surface coordinate system with-

out making restrictive assumptions on the magnitude of the crossflow.

We shall briefly describe below the three main segments of BLC which make up

the second, more general, boundary-layer calculation method. The geometry program

represents the ship hull by a surface equation and is common to both the first and

second set of programs in BLC.

The code for representing the ship hull by a surface equation from which all

the necessary geometrical data are computed is based on the theory published by
3

von Kerczek and Tuck . The potential flow data is computed by a code based on the

surface doublet distribution that was developed by Chang and Pien 4 , and the three-

dimensional turbulent boundary layer is computed by the momentum integral method
5

described by von Kerczek and Langan . We refer the reader to references (3) - (5)

for further details. We emphasize at the outset that the BLC provides only appro-

ximate results that are valid for (i) ships moving straight ahead at zero Froude

number, i.e., the free surface is assumed to be plane, no waves are taken into

account; (ii) the B.L. flow is unseparated and in fact very thin compared with the

local radius of curvature in any direction on the body, so that the stern region is

not properly modelpd; and (iii) the boundary layer is fully turbulent, i.e., the

laminar and transitional parts of the boundary layer near the bow are not mpdelled.

The underwater part of the ship hull is represented by a surface equation that

consists of the conformal mapping of a unit circle onto the ship section and the

polynominal interpolation of these sectionwise mappings along the length of the

ship (see reference (1)). This type of surface representation can be used for most

conventional ship hull shapes but it excludes two important geometrical features

often found on ships. The first exclusion is a forward protruding bulb. The second

exclusion is the rear portion of cruiser-type sterns. These exclusions of geometric

forms are acceptable since the boundary-layer calculation method is not applicable

in these regions of the ship.

4
The potential flow code is general and will handle any nonlifting fully-sub-

merged body with a vertical plane of symmetry. The restriction to submerged bodies

means, for the present situation, a double ship hull in which free surface effects

are neglected. The code is based on the calculation of the doublet strength density

2



on the surface of the ship that will result in potential flow tangency on the sur-

face. The method consists of distributing constant strength doublets on an assem-

blage of quadrilateral surface elements that approximate the actual surface of the

ship and then solving the resulting algebraic equations that approximate the inte-

gral equation.

The numerical solution of the boundary-layer equations is carried out by a

5
three-dimensional momentum integral-entrainment method . In this method, the

boundary-layer crossflow can be large but the accuracy of the computer results is

limited by the very rough approximations that are made for the crossflow profile

shape, the rate of entrainment coefficient and the relationships assumed for the

crossflow parameters as functions of the streamwise flow parameters.

It is possible to give only rough estimates of the level of accuracy of the

computed results of this program becasue the accuracy varies not only from one hull

to another, but also on various parts of one hull. However, we have shown that on

one model hull, the SSPA-720 Model, block coefficient 0.675, for which detailed

experimental boundary layer data 6 were available, the computed values of stream-

wise momentum and displacement thicknesses and surface shear stresses that were

computed by the second system of codes in BLC were mostly within 10 percent of the

5
experimental data . Larger discrepancies between the computed and experimental

results occurred only in localized regions of the hull. For example, very close

to the stern (within the last 5 percent of the ship length), the experimentally

determined boundary layer becomes very thick and the surface shear stress approaches

the value of zero; the computed values of shear stress tend to overpredict the

experimental values by as much as 100 percent in this region. Furthermore, there

is a qualitative discrepancy between the computed and experimental values of dis-

placement and momentum thicknesses and surface shear stresses along a streamline

that lies very close to the keel of the hull. However, in general, the computed

results from the second set of boundary-layer codes in BLC will be qualitatively

correct and quantitatively will give values of about 90 percent of the experimental

values for the streamwise displacement and momentum thicknesses and surface shear

stresses on about 80 percent of the hull length, exclusive of the ends.

The crossflow angle of a that measures the difference in direction of the surface

shear stress vector and the local direction of the inviscid surface streamline at

the surface is not well-predicted by the methods of BLC. Over most of the hull

3



surface, where 8 is fairly small, the predictions of 8 from the BLC are qualitat-
6

ively correct. However, near the stern of the model tested by Larsson6 , where the

experimental values of B become a little more substantial, on the order of 10-20

deg, the predicted values of BLC are substantially different, sometimes even having

the wrong sign.

The numerical methods that are used in BLC are well-established and have been

tested for accuracy as a function of step or panel sizes. The recommended step

and panel sizes given in Chapter 3 in conjunction with the descriptions of the

input schemes have been ascertained to yield at least a 2-3 percent level of nu-

merical accuracy. Further reductions of step and panel sizes do reduce this error

accordingly.

We need to mention here that empirical boundary-layer data are needed to start

the calculations at some station downstream of the bow stern. The effects of in-

accuracies in this starting data on the subsequent boundary-layer development are

not known, but it seems that, if the starting station is located in a favorable

pressure gradient region, then the downstream development of the boundary layer is

not too sensitive to the starting conditions. Some experimentation will be nec-

essary to ascertain this for individual cases.

The rest of this manual is organized as follows. Chapter 2 gives a complete

description of each element of BLC and its relationship to the rest of the pro-

grams in BLC. In Chapter 3 we present a detailed discussion of the operation of

the programs in conjunction with an example. The example is the SSPA Model 720,

for which extensive boundary layer data exist 6 . A listing of the program is given

in the appendix.

2. PROGRAMS

2.1 MAP22

The program MAP22 fits an analytic function to a set of hull offsets which

are specified at K stations. It fits each of the K cross sections with an N-para-

meter map of the unit circle given by the equation2

N 3-2n
Za ()

n=l n

4
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Figure 1 shows the relationship between the complex Z and C-planes and also shows a

typical map; Figure 2 shows the hull coordinate system. In the program the mapping

is split into its real and imaginary parts; so at the I-th station it takes the

form

N
X=F AN(I,J) cos (3-2J)6

J=l

N (2)

Y = AN(I,J) sin (3-2J)O
J=l

Once the AN's are computed, the program fits a polynominal in S to the parameters

for J=l, 2 .... N. It computes the coefficients BN(L,J) of these polynomials by

solving the linear system

KPK
AN(I,J) = Z BN(L,J) * S(1) **(L-l) (3)

L=1

Each polynomial has KPK coefficients

The hull is represented by the system of equations

KPK N (Il1
X (S,6) = E z BN(I,J) * Sll cos(3-2J)O

1=1 J=l

(4)
KPK N

Y (S,O) = E BN(I,J) * SI -  sin (3-2J)O
1=1 J=l

This representation is used throughout the suite of programs.

The number of offsets given at each of the K stations need not be the same;

for the moment let P offsets be given at station I. There are then P points of

the unit circle in the fourth quadrant that will be mapped onto the P points of the

I contour corresponding Lo these offsets. Since these points can be arbitrarily

chosen, there are P values of 0; namely 6 (p=l,..., P), to be determined in addi-
p

tion to the N parameters AN (1,J). There are then 2P equations to be solved for

5



LT.

a4-

01

14 __,,,

4-I4

U~w_ - ---. ,.,,

61;mmmffi



the N values AN(I,J) (J=1, ... , N) and the P values of 8 ; namely
P

N
XMS(Ip) = E AN(I,J) cos (3-2J)8

J=l

N (5)

YMS(Ip) = E AN(I,J) sin (3-2J)e
J=l p

where XMS and YMS are respectively the (xy) offset of the P-th point. If N=P,

unacceptable wriggles occur in the approximating cross section between the spec-

ified points; instead, N is taken to be of the order of 1/2 to 2/3 P and Equation

(5) is solved in a least squares sense. Specifically, the AN's and e are chosen
P

to minimize the error

S2 ,,9P2

E= E (E + E ) (6)
p=l P p

where

N
E = XMS(I,p) - E AN(I,J) cos (3-2J)0

p J=l P

N
E = YMS(Ip) - E AN(I,J) sin (3-2J)0
1P J=l p

Not only does this approach result in a smooth form; it also fits the data points

in a manner that minimizes thesquared distance between the data points and the

generated form. The relations

DE

0 - = L (AN;p)
DAN(I,J)

(7)
3E

0 =p;AN)

pp

are necessary conditions for E to have a minimum, where L and N are given by von
2Kerczek and Tck The system L =0 is linear in AN and can be solved provided

0 p is given. The systemN =0 is totally nonlinear in both variables; however, it

7 . i
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can be used as a system of equations for 6 provided the AN are assumed.P

It is not practical to compute the best N-term fit directly, for this app-

roach allows too much freedom in the AN's and results in a relatively bad fit.

Instead, the best 4-term, 5-term, ..., N-term fit is determined successively

starting with the 3-term Lewis form. Moreover, the values of AN (I,1) and AN

(1,2) are further restricted to conform more closely with the Lewis forms. The

best (J-l) term map serves as the initial guess to the j-th term map, which is

solved iteratively. The first step of this iteration is to substitute the present

values of the 6 together with AN(I,l) and AN(I,2) into the system L =0. ThisP

system is solved by linear methods for the j-2 terms AN(I,3), ..., AN(I,j). Next

the program computes AN(Il) and AN(I,2) using the equations

A(I,l) = 1/2 { B(I) + H(I) - Z [ i-(-I) ] AN (I,J)}
J=3

JJ
A(I, 2) = 1/2 { B(I) - H(I) - E [ I + (-I)J]AN (1,J)}

J=3

where B(I) is the beam at station I and H(I) is the draft. System N=0 is then

solved iteratively for the 6 . If the resultant value for E has not changed fromP

the previous value by more than a given tolerance TOL, the resulting AN's and 0P
are taken as the value for the best j-term fit; otherwise , the first step of the

iteration is entered again.

MAP22 uses a least squares method to solve Equation (3) for the KPK coeffi-

cients BN(L,J), ..., BN(KPK,J). It has the facility to constrain the polynomial

at any of the K stations at which the offsets are specified. The BN can be deter-

mined such that at station I the approximating polynomial has the same value as

AN(I,J), zero slope, both zero slope aqd curvature, or a combination. An additional

feature of the program is the provision made to partition the hull surface into

a forebody, a parallel middlebody, and an afterbody. The forebody and afterbod

are each constrained at their junction with the middlebody to have zero slope and

curvature in the longitudinal direction and to have the same shape as the middle-

body cross section.

8
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2.2 TBLl8
2

This program is based on the method of von Kerczek for computing a first-

order approximation to the three-dimensional boundary layer on a fairly fine ship

hull. The program uses the analytic surface representation, Equation (4), for the

hull geometry and applies the slender-body potential derived by Tuck and von Kerczek

to calculate the inviscid flow. It applies the Cumpsty-Head-Smith '
8 three-dimen-

sional turbulent boundary-layer calculation method to compute the entrainment,

streamwise momentum, and skin friction along given streamlines. It is assumed that

the crossflow is small in these calculations.

The Tuck and von Kerczek formula for the complex potential f(s, ) is given by

N-1I N(Il

f(s,C) = CN(l) log AN(l) C + BO - E CN (+1) (8)

1=1 21

This is the potential for the inviscid flow around the analytic surface

KPK L-1
AN(J) = E BN(L,J) S (9)

L= 1

which agrees with (4) for S = S(I). The functions CN are given by

N
CN(l) = Z (3-2J) AN(J) * ANP(J) (10)

J=l

and
N

CN(J) = E (3-2L) AN(L) [ANP(L+J) + ANP(L-J) ] (11)
L= I

where ANP is the derivative of AN with respect to S (ANP(J) 0 for J < I or

J > N). Finally the function BO of S is given as

BO = - CN(1) * LOG f 4(1-S 2  + 1 0 (S)1-C0

- Is - El

where C (S) = CN(l) evaluated at S. The integral is evaluated as a sum of terms

containing the integrals
Si 1 O + (-1) k sJ-ki j - &J d&

-1 Is - k=l k=1 (13)

9



for J = 1, ..., N.

The integration of the boundary-layer equations begin at station 8(j), where

empirical boundary-layer data are given as initial data for the differential equat-

ions. These boundary layer equations are

do11 + ell(2 + H) 1 0s - l K = C

da U da1s

de21 (14)
dO21  + 2e21 (IK 6 1 ( C f(

da s da 2

_ +1 dU

d(el1 G) + 11G (I s -K) = F(G)
d1 1 s deda

where G is given in terms of the boundary-layer shape parameter H by

G = 1.535 (H - 0.7)-2.715 + 3.3 (15)

and

F(G) = 0.0306 (G-3.0)-0 1 65 3  (16)

da is the differential element of arc along a streamline; K1 and K2 are geodesic

curvatures; and U is the inviscid fluid velocity at the wall.
s

0 (I u u dX (17)
11 o u u

0 0

uv_
021 =-fo U 2 dX (18)

0

where u is the streamwise velocity in the boundary layer, and v is the cross-flow

velocity. The friction coefficients C and C are in the streamwise and cross-

flow directions respectively.

An equal step size Euler method is used in the numerical solution of Equation
(14).

10



2.3 TBL3D

This program is a modification of the potential portion of TBL18 and is based

on the same hull representation, Equation (4). Its primary purpose is the com-

putation of the surface coordinates, distance metrics, and geodesic curvatures used

in the three-dimensional momentum integral equations.

The intended application of BLC calls for the use of the inviscid velocitics

obtained from using a doublet distribution over the hull. Additionally, BLC has

been provided with a quick way to estimate the soultion to the three-dimensional

momentum integral equation. This solution uses the Tuck and von Kerczek slender

body potential to compute the inviscid velocities at the grid points. The potential

portion of these computations is carried out in TBL3D.

If r (S,O) is the vector from the origin of the (X,Y,S) coordinate system,

Figure (2) r (S, 8) = X(S,6)i + Y(S,6)J + S k (19)

( i, J, k) are the unit tangent vectors to the (X, Y, S) coordinate systems respec-

tively. The surface coordinate lines 6 - constant, run along the length of the hull

surface; the orthogonal trajectories to these coordinate lines form the coordinate

lines 0 - constant. These latter coordinate lines are nearly parallel to the hull

cross-sections. The arc length increments along the 4 and 0 coordinates are given
5

by von Kerczek and Langan as

dO4 = (dr . dr) - H(S,6) dS (20)

e = constant

and

dZ0= (d . dr) = G(S,O)dO (21)
= constant

respectively, where

H(S,O) a-@X2 + 3Y) 2 + 1 (22)as as

G(S,e) - ao + aX + F)2  + a + aY + F) +F2] (23)

and

F- dS (ax aX + ay aX
6 o as o as

, aX .2 aY 2[ ie + ---- ) + - 6 - (24)

11
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The program uses the unit orthogonal vectors e , e, to simplify

the computation of the geodesic curvatures K and KO Since the *-coordinates are

generated by holding 8 constant in Equation 19 for r, the unit vector in the 0-

direction is given by

e -(EPl, EP2, EP3) -H 3 , (25)
as as

The unit vector normal to the surface is determined from the 
cross product ar Dr

ae aS

which is normal to the surface of the hull; 
hence,

e = (ENI, EN2, EN3)

D- 1 ay ax ax ay ax ay
- D (5 8 ' - 7S 5S -) (26)

where
D L,) + 11 1 aI Y ax aY 21

D- a ax S S TT (27)

From the definition of orthonormal

S- e Xe je. I "l
-n ; -

that is

e (ETl, ET2, ET3)

- (EN2 * EP3 - EN3 * EP2, EN3 * EPl (28)

- ENl x EP3, ENl * EP2 - EN2 * EPl)

The geodesic curvatures are calculated using

K de 6 3he  (2q)
dt h h 0at,

and

K - e 1 -d£4 h he  -h0

12



2.4 CBL

The program CBL lays out the panels for the doublet distribution on the ana-

lytic hull. It merely repeatedly applies Equation (9) to obtain the coordinates

for the panel corners and formats this data for the potential flow program DOUBLD.

If one is simply computing the potential flow around a double hull model, one

needs only to use MAP22, CBL, and DOUBLD.

2.5 DOUBDD

The program DOUBDD computes the potential and velocities for inviscid flow

around a double hull model. Pien and Chang4 developed the original form of this

program; with their permission we have documented their program here to publicize

it and to have a complete discussion of the program system BLC. The program solves

the Neumann problem for flow around a body by distributing a layer of doublets on

the surface of the body, in our case the double hull, and solving numerically the

resulting integral equation by a panel method. The magnitude of the doublet dis-

tribution on the panels, SIG(I), is obtained directly as the soultion of the linear

system

NP
7 VPP(I,J) * SIG(J) = -4,7 S (I) (31)

J=l

for I=l, ..., NP, which approximates the integral equation

4H S(P) = ff o(Q) G(P,Q) dSQ

Double
Hull

SIG(J) is the strength of the doublets distributed on the J-th panel, VPP(I,J) is

the influence of this doublet distribution on the I-th panel, and S(I) is an aver-

age station location for the I-th panel. In the integral equation C(P,Q) is the

three-dimensional distribution l/r, where r is the distance between the points P

and Q on the hull surface, and ds is the increment of surface arLa used in the
Q

integrat ion.

The doublet distribution is the perturbation potential due to the inviscid

flow around the double hull.

In the actual mechanics of the solution DOUBDD replaces the curva-linear panels,

that are constructed in CBL, by plane panels. These planes are chosen to minimize

13



the distance between the corners of the plane panels and those of the curvilinear

ones. If the longitudinal length of a plane panel exceeds its traverse width by

a multiple of two or more the panel length is divided into subpanels which satisfy

the criterion that their length is less than twice their width.

The off-diagonal elements of the influence matrix VPP are computed in a

straight forward manner. This matrix can be ill conditioned, and a straight forward

computation of the diagonal elements V(I, I) can lead to seriou- error. A different

approach is taken in the computation of the diagonal elements to avoid the problem.

Since the equation

NP
VPP(I,J) = - 40 (32)

J=l

corresponds to Greens identity

SS a G(P.6) dSQ 411
nQ

one can use
NP

VPP(I,I) = - 4E - E VPP(IJ) (33)
j=l
J#I

to compute the diagonal elements. This calculation method does not produce the

errors in the solution that results from computing the diagonal elements in a

straight forward manner. It is therefore used in DOUBDD.

2.6 TBLIPC

This program organizes the geometric and inviscid flow data for use in the

turbulent boundary-layer calculations. These calculations are made on a surface

grid ( e.) given by

S= q- 1  + (i - I)A i = 2, .... NS

= (j - 1) A 0 j = 1, ... , NTH

The initial value 1 is the value of 4 at the station at which the boundary-layer

calculations are initiated. Empirical values of the momentum integral Oil, the

crossflow angle 6, and of the shape parameter H are given at = I as initial con-

ditions; the calculations proceed station by station downstream from 4 V The bound-

14



ary-layer equations are first solved for %1, t tan 8 and H at = ; these cal-

culations are then repeated at ' = *3' 41' " NS" Because the total amount of

geometric and inviscid flow data is prohibitively large for storage in main memory

and since it is only used station by station, TFL1PC organizes it as a function of

6 for each value p. and stores it on disk for i = i, ... , NS.

Typically, DOUBDD computes the inviscid flow potential at 250 to 500 points

approximately evenly distributed over the portion of the hull having 0 > 6 >-%,E ;

the boundary layer calculations require the inviscid velocities and their deriva-

tives at 1500 or more points on the grid (P 1,Oj). TBLIPC uses spline on spline

interpolation to determine the potential at the grid points. It uses the derivat-

ives of these spline functions to compute the inviscid velocity tangent to the sur-

face in the p-direction, u,, and the corresponding velocity in the 8-direction, u,.

2.7 TBLSOL
5

von Kerczek and Langan expressed the momentum integral equations and the

entrainment equation in the form

A (W (p, 6)) 2W- + B(W( ,O)) 2W = C(W)

where

W e

The program TBLSOLuses an implicit marching method to solve this system of nonlinear

equations. In marching from station 0 to i+l -.. it uses the value of W at

(i,6O) to compute the coefficients A, B, and C at ('+ ,0i ). The program uses

Gaussian reduction to solve the resulting system of linear equations.
5

The coefficient matrices are described in von Kerczek and Langan together

with the theoretical details of the solution method.

3. OPERATING INSTRUCTIONS WITH AN EXAMPLE

The suite of programs BLC has been installed on the Burroughs 7700 at DTNSRDC

as an interactive software system. Each individual program was initially designed

for batch operation on the CDC 6700 computer system. A version of DCUBDD is pre-
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sently available on the Naval Research Laboratory Advanced Scientific Computer; it

uses the large array storage and pipeline capabilities of that machine. The indi-

vidual programs required minimum modification when moved from one machine to the

other; they are written in a fairly basic FORTRAN. The operating instructions and

program listings presented in this report apply to the interactive software system

as installed on the Burroughs 7700.

The Swedish Model SSPA 720 is used in the sample calculations. The offsets

used for this ship are given as input to MAP22. The input to each program is given

in detail, unless it is generated as output from one of the programs in the system.

Since the output from the programs would require too much space and can be easily

generated if needed, only partial listings of the output will be given.

3.1 MAP22

This is the first program of the system. Its primary output is the hull geo-

metry representation matrix BN. This matrix forms the basis of all further calcul-

ations in the system. The input data is stored in file PFN before running the pro-

gram. The input data file PFN for the SSPA Model 720 is shown in Table 1. It is

read by MAP22 with the following read statements.

READ(5,24) (TITLE(J),J=1,12)
READ(5,3) ISTIIST2,KP1,KP2
READ(5,1) K,N,'tOLBL

*1 READ(5,3) (IFS(1),I=1 )
READ(5,3) (JFS(I),I=1,K)~~~READ(5,25)( (T(1) I1R

READ(5,4) (1X(J),IY(J),J=1,N)
READ(S,2) ( ( )I IK

32 READ(5,2) (AN(I,J),J:1,N)

The formats are
IFORMAT(2ItO,2FI0. 5 )
4 FORMAT(6(IX,216))

2 FORMAl k7F10.5)
3 FORMAT(1415)

25 FORMAT(71io)

24 FORMAT(12A6)

16



TABLE 1 - INPUT TO MAP22

#FILE (CHXL)PFN ON DTNSRDiC
100 SSPA MODEL 720
200 25 0 11 0
S00 25 7 0.0001 1.0
400 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
500 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
600 1
700
8300 4 15 17 19 20 23 26

9029 33 20 21 21 21 21
1000 22 21j 19 18 1? 16 18
1100 20 21 23 9
1200 * - 500* - 1000* 1636
1300 *00439-10005*80040-00272*100381-01511:1S00349-0761*1031-01002'&100309-01211
1400 *&00287-O1503t&00264-01753*&00242-01992*. 00211-O22'L36*8001 83-02494*3&00142-02743
1500 *&00097-02 981*S00064-03088*-00001-03091
1600 *&00859-O00002*300823-002l.1:30091-00512.00760-00?67*S007"36-0IO0?0"S0706-01250j
1700 *&00686-C0l508*300659-01750*100628-01993*&00585-0223'5*f 00531-02496*v&00475-02 735
1800 *&00405-02984.i8003210-03229*&00223-03476*300119-03713f--00008-03718
1900 s&01338-0000348012 97-00272*801263-00514*&A0122 6-00?69*&0119l-01009- 8Q1168-01253
000) *,0113-015I06*&0l094-01754*301051-01996*.%01000-0 241*&00932-0-193t008i0-02736

21l00 . 0074?1-0298?*7--,00635-03237*3&00501-03478*&00348-03718*#&00252-03853*3&00137-03984
'2200 :t-00007-03985
2300 *A 87004& 0-07*0 7-013313-074 69005&16-15
?400 *301616-01508*30l565-01756*&0l506-01996*01441-0 '238:S01.358-02449'?*3012?70-02?35
2500 *&01140-02988*300990-03233*&00806-03480*:&00583-03720*:&0042?-03873;*800311-03972
'? 2600 *&00188-0407?t-00001-04095
2700 *&02850-00007*&02820-002?77*&02788-00513:*&02754-0077.4*&027?24-01007t&021686-01257,
2800 *&02643-01520*30O2593-01757*802539-02000*&02 468-02&38*SO'23?0-02504*302' 250- 02740
2900 *t&02083-02995*&01 872-03231*301 71 9-03374*301 561 -034'8": :,014l18-03'ji88*&01242-03693
3000 t&00983-03822*800"38-03924*&00506-04006*&00252-04089*-00004-04090
300 *&03738-00003*&0371 5-00276*&03688-0051 5:*03668-00?83*&03647--C jOB*t&0362'2-01 2157
200 *t&03595-01514*&03556-01760*903508-02001*03438-02404&03335-050Fj4::3032Q1-02741

3300 t.,03023-03002*902793-03'244*&02638-0337O*&02463-03487:t-,022I1 9-0361 6*901 967-03729
5400 *tgo1?18-03825*&014?8-03897*&01243-03952*300988-04012 *&1007141-o.4049*300O5021-04080
3500 *A00251-04091*-00004-04089
1600 .o&0440,1-0000'4i:A04400-002131*3()4391 -00529:&0,1383-007835*904374-01 01 5:t.04365-01 265
i.-100 o&04350O-015254.-&04335-017?0*&04302-02002*&04243-02249Iv&041 62.'-02505':.r,04048-027 19
3900 ..803886-03005)*&03699-032)18*303459-03421*803200-03581*8&02955-03698.8302?117-03784
3900 *302463-03863*302221 -03928*31019b1-0397601718-0A015*&Q1480-04046iv01243-04072-
4000 *30098?1-0409 1 *00739-04097*&00503-04095*80O0251 -040964t.00001 -04093
4100 *304800-00000*&04797-00282*-&04798-00521*t304794-007177*&04?99-01 00941 04802-01 260
4200 40fA,lro8-01 522.t&04793-01769*804776-02001 *04744.-02.248*&04690-02S506gi-"04613-021751
4300 *,30449'5-03006*304337-032147*304201 -03393*&0O4084-03490*303946-035980:,03695c-03?2S 1
4400 t'3460-03810sA3199-03886802953-03943*02651-03928:0-45-o41O0'4215j-01032
4JOO 10 t963-0 4051 *A01719-04066* 901 475-040814-t301 2 44-04093.009,3.-040'93't-,002 4'1-040?')
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TABLE 1 -(continued)

.4600 *t&0050I -04093s&0025?-04096*-0O000?-04O98
47'00 .O 4954-000Ob04955-02*04959-007&0498i--0126*0496-01768t.04927-02 ?
.29fnO *9048A7-O2751I*AO475?-031 39*804578-03462*30431 0-03705:S03944-03888&03J68-039,236
490)0 k024001921-46*02900531 1.002Si 3-49:$04-49
5000 *&00253-04094*-00008-040B9
.5,00 7t0495j4-0000A*&04956-00286*404956-00781*3&04959-01264*&04956-01O'/10O-94959-22-)49
5200 kSO4954-02752*104902-O3250*&04683-03665*&O4434-03872;t3041 93--03993*&I03939-040621
!5300 *403460-04072*02954-0408*02461-04083*&01964-04090&0O1479-04087*t&00990-04089
5400 s300499-04090*300250-04093*-00008-04091
5500 lr&04957-00004*&04953-00236*, 04961 -007?Ii6* &0.4956-01 258*%04'?629O1 768* "0i.95?-022 .49
IJ600 *t&04954-O2?754*t&04935-032&49*304?52-03646*,104459-039 1 7s:&04 158.-04041 *&037021-04071
5700 *&O32104073*&02714-04077*80222.0-O4O84*&01714-04090*801242-04088s& 01 1-O9M
~5800 *&00503-040?2&*&00250-04095*t-00003-04091
590 0 &0 49 5 7- 000 04 0 49 5 3-0 02 36 * & 4961 - O?? 76* &0 49%-)6 -012 58 * S0 496' )- 0 176 8* 0 4 9 57021249
AO *804954-02?5'4*804935t-03249*&04752 03646*&%04459-03917* 041'58-04041 ', 03?02 -040?1
6!00 *S 0 310 1 -0 407 3 * &02?714 4- 04 07*10 2 22 0- 04 0 84*& 017 14 -0 401?0 *&01 '24,2- 0 4C)88 &00?4 1 -040 ?2
.J200 vs0oj03-040?2.f 'oO2cj-04095:t-00003-04091
6300 *F&0457-00O04*.t 04'?'3 - 0028c6*%0 4961 -00'7?6*&30.495.6-01 258*&O4962-01 768:*604957-022 49
--1*&,0 4"54-02%?'4*&04935-032-49**&04752-03646*804459-039,1 7:t:S#041 58-0.4041*8&03702)-041071
o500 *&'03201 -040,73 80271 4-0407?*&02220-04084*01714-04090 :&*012.42-04088:4L, 00741-04092
6600 -*8005)03-04092*&00250-04095*-00003-04091

6900 *-0392cj-04O'j9;*-0526-04064*-03003-04065*-0249-04072:v.-01 988-04021:r~-O'1500-04089
,1000 *-00976-04085*-00491-04091*-002443-04092*-00009--04091
7100 -0 49 6 3-0 00 0 0*049 6 4- 00 4 0 *-0 49 70 -0-3 4* -0 496 3 -02 25 *-0496 0- 017 72 0:v-049 33 -0211 90
i7200 *-04868-02679*-04777-03074*-04619-03423-04439-03650.-042 05-03818 -03750 040033
' 300) *-03363-04055*-02996-04070*-02507-04072*-01 988-04082*-Ol 499-04082-059."-40( 39
;'400 *-00498-04089*-00249-04087*-00008-04089

* ,500 * -0 4 9 6 40 0001 * -0 4 9 53- 002 41 * -0 4916-00 76* - 0 48"4 -012 232"' -0 481 8-01 "1 -0';-0 4 "13 1 -02215
7 600 *-04591 -021 7 s;-04396-031 l5*-041 52-03445*-03848--03688f:--03 486-0O386'1*f-' 994-039911

'~"*- 0254-04A62*..-01993-040O79*-01 495-04085*.-00977-0408.4:v-00.498--04091*1-0021 -0.40794
.! 4 - 00006-040B8

7?00 :*-04?71-00000*-04744-00243*-04669-00739*.-04573-012341-04470-01654*-0433.-2084
8000 *-04 175-02473*-03974-02843*-03724-031 89*.-03441V-03456*-03065-03700*t-02-6/8-038671
8 100 *-02267-03984*-01 745-04068*-Ol 253-04082*-00748-04093*-0025L'3-04093*t-00002-0408

8600 :*-02518 -021i6 .:02335-021490 *-021 40-02834*-Ol 945-03171 *t-017/121-03503*t-01i 353-0.3813
810 -00958-03994-005~r48-04088*r-00254-0403-0009*-04091
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TABLE 1 - (continued)

9 100 *.-026(16-00001s-02474-001 22*-02324-00255 -02107-100438 -01785-00742t-01 540-00998
9200 *-0317-01306*-0161-015 *-01059-01843*-0944-02190:1:-08 4-024'7*-08S -02 41
9300 s-00819-02988i-00788-03224*-00740-03476*-00677-03713s-00jSa8*-03949 -00362-04085
9400 *-00145-04091*-00012-04095
1?500 *- 2042-00006-01935-00089*-01741-00248i-0i497-00447*-1261-00668%-0 'l-00 858
?600 *-00863-01130:-006?7-01446 *-00591-01689*-00539-01952*-00,1 1-02237t-00496-02490
9200 *-oo494-02;,37*-00496-02984*-00496-03233-0494-347?:I?-00l; -0371: 1-00401-03923
9800 *-0025B-04067*-00096-04092*-00007-04090
9900 *-01484&00002*-01356-00088*-01 254-00167,-01124-00258'*-01001-00366&-0O835-00500
10000 *-00655-00670*-00529-00816-00414-01000*-00311 -01250-00260-0l152"-00230-01753
10100 *-00214-01 991:*-00207-0223e*-00206-0)2488:-001 9-0234-001?-27.j9*-O1-89328
10200 *-00188-03476*-00183-03716*-00179-03961:*-001 51 -0 092"4-00008-04095
1000 I 1-0 007000-:00004-0051 1 *-00005-01004*-00004-01586*-00006-019829.-00006-02.491
0400 *-00005-02977*-00011-03480*-00010-04095
10500 -1.0 -0.95 -0.9 -0.85 -0.8 -0.7 -0.6
0600 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1

10700 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0800 0.85 0.9 0.95 1.0

10900 0.34641 -0.27440 0.00758 0.00.463 0.00198 0.00211 0.00032
11000 0.44878 -0.29447 0.01009 0.00223 0.00258 0.00369 0.00050
11100 0.52025 -0.27080 0.01227 -0.00004 0.00391 0.003613 0.00031
11200 0.58204 -0.22798 0.01064 -0.00164 0.00543 0.00172 0.00060
11300 0.70J88 -0.12377 -0.01246 -0.0025 0.00581 0.00137 0.00117

11400 0.823'7j -0.03395 -0.03654 -0.00304 0.00176 0.0015) 0.0000
11500 0.92477 0.03544 -0.06407 -0.00428 -0.00266 0.00103 -0.00015
11600 0.99266 0.07721 -0.09170 -0.00561 -0.00276 -0.000W5 -0.00013
17: 1.03039 0.09126 -0.11683 -0.00364 -0.00079 -0.00033 -0.00007
"So0 1.04960 0.09273 -0.14022 -0.00500 0.00252 -0.00063 0.00099

n?00 1.05300 0.09338 -0.14479 -0.00569 0.00431 -0.00028 0.00067
12000 1.05300 0.09338 -0.14479 -0.00569 0.00431 -0.00023 0.00067
12100 1.05300 0.09338 -0.14479 -0.00569 0.00431 -0.00028 0.00067
12200 1.04944 0.09401 -0.13950 -0.00.489 0.00276 -0.00121 0.00100

12300 1.03303 0.08996 -0.11985 -0.00025 0.00009 -0.00150 0.00033
12400 0.99788 0.07939 -0.08535 0.00724 0.00040 0.00129 0.00069
12500 0.93959 0.05219 -0.04667 0.01319 0.00088 0.00356 0.0003.3

12600 0.85550 0.00524 -0.00262 0.42280 0.00562 0.00547 0.00101
12700 0.75006 -0.06606 0.04397 0.03,;67 0.00606 0.0039,' O.u128

12800 0.63970 -0.15695 0.07969 0.05623 0.00548 -0.00072 -0.00031
12900 0.58626 -0.21333 0.08316 0.06432 0.01088 -0.00376 -0.00297
3000 0.53095 -0.27523 0.07389 0.06886 0.01946 -0.00034 -0.00540
., 0.42381 -0.3304' 0.06755 0.05733 0.02435 0.00962 -0.00313

13200 0.41167 -0.41260 0.00234
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On Table 1, line 100 is simply an alpha numeric title to identify the data in sub-

sequent runs; this title is carried throughout the calculations.

Line 200: ISTI is the number of stations at which offsets are given on the

forebody, if the ship is being cut into a fore and afterbody or a parallel middle

body is being used. It is the total number of stations, if the ship is being re-

presented by a single polynominal. IST2 is the number of stations on the afterbody;

it is zero if there is no separate afterbody representation. KPI is the degree

minus one of the polynominal in S for the forebody or for the full length of the

ship if IST2=0. KP2 is the degree minus one of the polynomial for the afterbody

or zero if IST2=0.

Line 300: The first number is K, the total number of stations at which offsets

are given. N is the number of parameters in the mapping of the unit circle onto

the cross section; it should be chosen to be of the order of 1/2 to 2/3 the number

of offsets at each of the stations. In the present case N=7 is between 1/3 to 1/2

the number of offsets at the different stations. TOL is the tolerance to which an

interaction is solved. BL is the beam-to-length ratio.

Lines 400-500: IFS(I) determines the type of constraints to be used at station

IFS(I) = 1. No constraints

2. Surface at station I passes through offsets

3. Slope with respect to S is zero

4. Combination of 2 and 3

5. Slope and curvature with respect to S is zero

6. Combination of 2, 3 and 5

Lines 600-700: JFS(I) is zero if AN is to be read at station I; it is 1 if AN

is to be computed.

Lines 900-1100: KT(I) is the number of offsets at station I.

Lines 1300-10400: IX(J) is the x-coordinate of the j-th offset at station I

in integer form, as would be obtained from a digitizer. IY(J) is the corresponding

Y-coordinate.

Lines 10500-10800: S(1) is the value of S at station I.

Lines 10900-13200: AN(I,J) is the jth value of AN at station I grouped by

stations. J=I,...,N.

MAP22 has three output files:



File BNS Table 2 contains the hull geometry matrix.

Line 100: N KPK BL

Lines 200-1500: BN(I,J) grouped by values of J=l, 2, ... , N.

I = 1, ... , KPK

File ANS Table 3, contains starting values of AN for additional calculations.

Lines 100-2600: AN(I,J) I=l, KPK, J=l,... , N grouped by values of I.

File PRINTER is shown as File OPT in Table 4. It contains the data as follows:

Line 100: Ignore the 1 in this line

Line 200: Title

Line 300: "The Input Offsets,", this is a heading for several pages of input

effects. In the present example, the input effects ran from lines900 through

62500; Table 4 shows output for stationE S(I) = -1.00

S(2) = -0.95 and S(25) = 1.00. XMS is the x-coordinate and YMS is the y-coordinate.

Lines 62900-63500: show the progression of the calculation for AN(I,J), which

is typical of the iterative calculations of AN.

Line 63600: In this case, the iteration is not convergent from fourth to fifth

iteration, so the results for the fourth iteration are used.

Line 63900: Is typical of lines 63900 through 70800. The AN's for stations

2 through 25 are given in this example and line 63900 gives the values of AN at

station I = 2.

Line 71100: MP, KPK, and IT

Lines 71500-72400: Gives intermediate values of a matrix BN used in the compu-

tation.

Lines 72700-7400: Gives the intermediate matrix BS

Lines 74300-75900: "The Polynomial Coefficients," these are the final values

of the matrix BN(I,J).

Lines 76200-85500: are typical of the computed offsets at the different sta-

tions.

Lines 201300-203900: are a printed version of the matrix A(I,J).

For the entire ship starting with just the offs,ts MAP22 requires about ten

minutes of CPU time on the Burroughs B7700; however, the example runs in less than

a minute. It is imperative that the input offsets be compared with the output off-
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TABLE 2 - HULL GEOMETRY MATRIX

100 7 11 1.00000
200 1.05407 0.00946 -0.06386 -0.17969 -2.17726 1.30080 1.75289
300 -2.35902 0.99482 1.35102 -1.27218
400 0.09199 -0.01678 0.12962 0.23842 -1.63679 -0.65025 1.62619
500 1.30540 -1.17223 -0.99895 0.67261
600 -0.14817 -0.01482 0.27346 0.19518 0.85676 -0.34804 -2.45327
700 0.50034 2.46250 -0.32998 -0.98946
800 -0.00560 -0.00706 0.00830 0.22146 0.35303 -0.73910 -1.28967
900 1.22848 1.99487 -0.70358 -1.06058
1000. 0.00609 -0.01300 -0.15698 0.25859 1.06743 -1.09828 -2.79267
1100 1.64747 3.20478 -0.79404 -1.32815
1200 0.00030 -0.01009 -0.05990 0.14915 0.62418 -0.50594 -1.88688
1300 0.62018 2.24264 -0.25234 -0.92001
1400 0.00096 0.00142 -0.01278 -0.01756 0.05647 0.09382 -0.03T64
1500 -0.17823 -0.08303 0.10064 0.07818

TABLE 3 - FILE ANS

100 0.16513 -0.16512 -0.00003 0.00001 0.00001 -0.00001 0.0000v
200 0.16513 -0.16512 -0.00003 0.00001 0.00001 -0.00001 0.00000
300 0.34641 -0.27440 0.00758 0.00463 0.00198 0.00211 0.00032
400 0.44878 -0.29447 0.01009 0.00223 0.00258 0.00367 0.00050
500 0.J2025 -0.27080 0.01227 -0.00004 0.00391 0.00368 0.00081
600 0.58204 -0.22798 0.01064 -0.00164 0.00543 0.00172 0.00060
700 0.70588 -0.12377 -0.01246 -0.00275 0.0058V 0.00137 0.00117
800 0.82395 -0.03395 -0.03654 -0.00304 0.00176 0.00157 0.00080
900 0.92477 0.03544 -0.06407 -0.00478 -0.00266 0.00103 -0.00015
1000 0.99266 0.07721 -0.09170 -0.00561 -0.00276 -0.00075 -0.00013
1100 1.03039 0.09126 -0.11683 -0.00364 -0.00079 -0.00033 -0.00007

1200 1.04960 0.09273 -0.14022 -0.00500 0.00252 -0.00063 0.00099
1300 1.05300 0.09338 -0.14479 -0.00569 0.00431 -0.00028 0.00067
1400 1.05300 0.09338 -0.14479 -0.00569 0.00431 -0.00028 0.00067
1500 1.05300 0.09338 -0.14479 -0.00569 0.00431 -0.00028 0.00067
1600 1.04944 0.09401 -0.13950 -0.00489 0.00276 -0.00121 0.00100
1700 1.03303 0.08996 -0.11985 -0.00025 0.00009 -0.00150 0.00053
1800 0.99788 0.07989 -0.08535 0.00724 0.00040 0.00129 0.00069
1900 0.93959 0.05219 -0.04667 0.01319 0.00089 0.00356 0.00033

2000 0.85550 0.00524 -0.00262 0.02280 0.00562 0.00547 0.00101
2100 0.75006 -0.06606 0.04397 0.03767 0.00606 0.00397 0.00128
2200 0.63970 -0.15695 0.07969 0.05623 0.00348 -0.00072 -0.00031
2300 0.58626 -0.21333 0.08316 0.06482 0.01088 -0.00076 -0.00297
2400 0.53095 -0.27523 0.07389 0.06886 0.01946 -0.00034 -0.00540
:!500 0.47381 -0.33047 0.06755 0.05733 0.02485 0.00962 -0.00313
2600 0.41167 -0.41260 0.00234 0.00000 0.00000 0.00000 0.00000
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TABLE 4 - PRINTER FILE FOR MAP22

100 1
200 SSPA MODEL 720
300 THE INPUT OFFSETS
400
500
600
700
800
900 XiIS YMS S( 1)=-1.00

1200.00000 0.00000

1400 0000-.08
1500 0000-0.33.024
1 600
1 700
1800 XNS Y" S( 2)=-0.95
1900
2000
2100 0.08862 -0.00101
2200 0.08216 -0.05491
2300 0.07691 -0.10315
2400 0.07045 -0.15462
2500 0.06681 -0.20226
2600 0.06237 -0.25192
2700 0.05793 -0.30339
2800 0.05329 -0.35386
2900 0.04885 -0.40210
3000 0.04380 -0.45135
'3100 0.03694 -0.50343
3200 0.02866 -0.55369
3300 0.01958 -0.60174
3400 0.01292 -0.62333
3500 -0.00020 -0.62394
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TABLE 4 - (continued)

76000
76100

76200 x y S( 1).*****
76300

76400 -0.00200 0.00000

76500 -0.00197 -0.01188
76600 -0.0018 -0.02373
76700 -0.00171 -0.03552

76800 -0.00150 -0.04721

76900 -0.00126 -0.05879

7?000 -0.00101 -0.07024

7M100 -0.00076 -0.08153
77200 -0.00054 -0.09267
77300 -0.00035 -0.10365

77400 -0.00021 -0.11446

77500 -0.00013 -0.12512
77600 -0.00011 -0.13563
77700 -0.00014 -0.14598
77800 -0.00022 -0.15620
77900 -0.00033 -0.16627
79000 -0.00046 -0.17620

78100 -0.00059 -0.18597

78200 -0.00069 -0.19556
78300 -0.00076 -0.20497

78400 -0.00077 -0.21415

78500 -0.00072 -0.22310
78600 -0.00061 -0.23176
78700 -0.00043 -0.24011

98800 -0.00020 -0.24813
78900 0.00006 -0.25579

79000 0.00034 -0.26307

79100 0.00062 -0.26995
79200 0.00087 -0.27644
79300 0.00108 -0.28253

79400 0.00122 -0.28824
79500 0.00130 -0.29356

79600 0.00130 -0.29853
79700 0.00122 -0.30315

79800 0.00109 -0.30744
79900 0.00091 -0.31141
80000 0.00070 -0.31506
80100 0.00048 -0.31839

80200 0.00028 -0.32140
80300 0.00010 -0.32406

80400 -0.00003 -0.32637

80500 -0.00011 -0.32829
80600 -0.00013 -0.32982
80700 -0.00012 -0.33092

80800 -0.00007 -0.33159

80900 0.00000 -0.33181
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TABLE 4 - (continued)

8 100

81200 x Y S( 2)=-.9500

di300
b1400 0.09246 0.00000
81500 0.09204 -0.01806
81600 0.09081 -0.03628

81700 0.08883 -0.05481
81800 0.08627 -0.07376

81900 0.08322 -0.09321
92000 0.07989 -0.11319
12100 0.07644 -0.13368
32200 0.07304 -0.15461

82300 0.06983 -0.17537
82400 0.06693 -0.19732
82500 0.06441 -0.21880

82600 0.06229 -0.24013
82700 0.06055 -0.26115
82800 0.05914 -0.28172

82900 0.0579;' -0.30170
03000 0.05692 -0.32102

83100 0.05589 -0.33965

83200 0.05477 -0.35756
83300 q.05346 -0.374S0
03400 0.05189 -0.39141
83500 0.05003 -0.40'4?
33600 0.04787 -0.42305
8370o 0.04544 -0.43823
P3800 0.04280 -0.45306
83900 0.04003 -0.46758

84000 0.03721 -0.48180
84100 0.03444 -0.49568

84200 0.03182 -0 .50918
84300 0.02940 -0.5222
84400 0.02723 -0.53470
34500 0.02534 -0.54653
84600 0.02372 -0.55-59
84700 0.02232 -0.56780
84800 0.02109 -0.57707
84900 0.01996 -0.58535

85000 0.01883 -0.59261
05100 0 0161 -0."9886

135!00 0 .016 .4 -0.60412
C5300 0.01464 -0.60845

85400 0.01279 -0.61192

85500 0.01065 -0.61461
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TABLE 4 - (continued)

201300 AN(I.J)
201400
201500 0.16591 -0.16644 -0.00086 0.00016 -0.00022 -0.00062 0.0000V
201600 0.34432 -0.27111 0.00894 0.00412 0.00232 0.00372 0.00016
201700 0.44933 -0.29486 0.01181 0.00264 0.00296 0.00338 0.00049
201800 0.52158 -0.27320 0.01079 0.00015 0.00375 0.00229 0.00030
201900 0.58279 -0.22889 0.00689 -0 00171 0.00479 0.0017?' 0.00097
202000 0.70380 -0.12268 -0.00905 -0.00303 0.00550 0.00217 0.00089
202100 0.82412 -0.03057 -0.03465 -0.00336 0.00265 0.00206 0 00053
202200 0.92493 0.03424 -0.06531 -0.00413 -0.00161' 0.00058 0.00017
202300 0.99372 0.07303 -0.09475 -0.00493 -0.0037? -0.00094 0.00001
202400 1.03136 0.09142 -0.11833 -0.00513 -0.00198 -0.0011? 0.00009
202500 1.04730 0.09630 -0.13450 -0.00492 0.00221 -0.00023 0.00036

1.05244 0.09457 -0.14406 -0.00499 0.00J618 0.0006Z 0.00071

:)02700 1.05407 0.09199 -0.14817 -0.00560 0.00609 0.00030 0.00096
202800 1.05399 0.09168 -0.14664 -0.00597 0.00358 -0.00110 0.00096
?02900 1.04899 0.09302 -0.13752 -0.00464 0.00049 -0.00219 0.00070
?03000 1.03268 0.09160 -0.11817 -0.00049 -0.00046 -0.00137 0.00037
203100 0.99791 0.08055 -0.08729 0.00629 0.00142 0.00162 0.00029
203200 0.93919 0.05292 -0.04656 0.01442 0.00397 0.00485 0.00067
203300 0.85530 0.00412 -0.00089 0.023.49 0.00419 0.00534 0.00128
203400 0.75152 -0.06681 0.04288 0.03612 0.00279 0.0020? 0.00113
'03500 0.63963 -0.15837 0.07622 0.0573 0.00682 -0.00084 -0.00100
203600 0.58464 -0.21171 0.08440 0.06598 0.01310 0.00008 -0.00226
203700 0.53079 -0.27067 0.08160 0.06994 0.02025 0.00269 -0.0042?

203800 0.47541 -0.33642 0.05972 0.05556 0.02147 0.00543 -0.00414
203900 0.41105 -0.41076 0.00449 0.00054 0.00126 0.00128 0.00025
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sets and different values of KPK are tried in order to get the smoothest represent-

ation in the lengthwise direction. Three or four runs should be sufficient to

develop a good choice of KPK.

3.2 TBL18

The primary output from this program is the boundary-layer parameters obtained

using the small cross-flow assumption. Input data is entered either through the

keyboard in answer to prompting from the computer, or it is read from one of two

stored files: File 8 TITLE = "BNSAL" is the BNS file created by MAP22; FILE 10

TITLE = "TBLINP" is a file created by the present program during a previous run.

The example form of TBLINP is shown in Table 5.

Line 100: 40 is the free stream velocity U

Line 200: is the beam-to-lengLh ratio BL

Line 300: NSTAT the number of stations at which the boundary layer is

calculated.

Line 400: Sl, S2 the first and last stations in the calculations.

Line 500: NTH, the number of streamlines being used.

Lines 600-2100: THATA values of the streamlines at station SI.

Lines 2200-3700: initial values of H, 'lII' tan F for each value of THATA.

Line 3800: Reynolds number RE

File BNS is read first and is printed at the terminal, so a quick glance can

determine tf the correct file was loaded. Table 6 shows the terminal display a,

it should appear after going through all the computer prompts. The computctr I ir~t

prompts you fcr a choice of input method: Enter I if the input data is on (ards,

2 if it is to come from the terminal, and 3 if it is to be read from TB1IIP. If

you choose I or 3, you merely wait for the program to finish; if ,ou choose 2, thc

computer will prompt you to enter 11O. It prompts you by displaying the desird

variable with an equal sign, some ;pace, and the format; in the ca'e ot I' one cet s

UO=IFI0.5 Simply enter a space and 40.0, and it responds with 40.00000. Phe o,-

puter will then prompt you for the remaining variables Bi, NSIAT, '-;, t. ItI,'

are the variables that are previously described under FILF TBIINP. In runniyiu th.,

example for the first time, have Thble 5 next to you and simplv tvpt' the number,

from it.

In general the choice of (i valties depend- on how the str, ani ints behave at

the other stations. If they convergc too c lost] %, in a reg ioi, of int crv.t add i-

?9



TABLE 5 - FILE TBLINP

100 40.00000
200 0.14150

300 21

400 -0.60000 0.60000

500 16

600 0.00000

700 -0.10472

800 -0.20944
900 -0.31416

1000 -0.41888

1100 -0.52360
1200 -0.62832

1300 -0.73304

1400 -0.83776

1500 -0.94248

1600 -0.04,720
1700 -I.1'192
I UO -1 .2.5 a64

191.0 -1.36136
2000 -1.46608

2100 -1.57080
I200 1.3f,1000 0.00040 0.00000
1300 1.80000 0.00040 0 6000

2400 .000 0.00040 0.00000

2O00 i.80000 0.00040 0.00000

2600 1.80000 0.00040 0.00000

2700 1.80000 0.00040 0.00000

2800 1.80000 0.00040 0.00000

2900 1.80000 0.00040 0.00,j00

3O0 1.80000 0.00040 0.000'Q0

3100 O.02'00 O.O040 0.00000

i:vO :.90000 0.00040 0.0)000

330 1.80000 0.00040 O,000v

3400 1.aOOuO 0.00040 O.OOO.

:1100 1.30000 O.vj 40 0.00000

3600 1.6000v 0.'0040 0.0000)

3V(0 1.0o0uo 0.00040 0.00OO

3900 1600000.0

3n



TABLE 6 - TERMINAL DISPLAY FOR TBLI8

SSPA MODEL 720

1.05407 0.00946 -0.06386 -0.17969 -2.17726 1.30080 1.75289
-2.35902 0.99482 1.35102 -1.27218
0.09199 -0.01678 0.12962 0.23842 -1.63679 -0.65025 1.62619
1.30540 -1.17223 -0.99895 0.67261

- ' '17 -0.01482 0.27346 0.19518 0.85676 -0.34804 -2.45327
0.10034 2.46250 -0.32998 -0.98946
-0.00560 -0.00706 0.00830 0.22146 0.35303 -0.73910 -I.28967
1.22848 1.99487 -0.70358 -1.06058
0.00609 -0.01300 -0.15698 0.25859 1.06743 -1.09828 -2.79267
1.64747 3.20478 -0.79404 -1.32815
0.00030 -0.01009 -0.05990 0.14915 0.62418 -0.50594 -1.88688
0.62018 2.24264 -0.25234 -0.92001
0.00096 0.00142 -0.0i278 -0.01756 0.05647 0.09312 -0.03964
-0.17823 -0.08303 0.10064 #.07818

W'IPT DENfTES THE TYPE OF INPUT
NHNPTal CARD DATA

2 REMOTE
3 STORED DATA

NIIPT III
N?

2
UUz IF10.5
40.0
40.00000

8L- tF10.3
0.14150
0,14150

NSTATa 115
21
21

Si 82 7FI.S

-0.6 0.6

-0.60000 0.60000
N IH . 1 15

16
16

TIN- 1FI0.5
0.0000

-0.10472
-0.20944
-0.341416
-0.41888



TABLE 6 - (continued)

-0.52360
-0.62832
-0.73304
-0.83776
-0.9249
-0.04720
-1.15192
-1.25664
-1.36136
-1.46608
-1.57080

0.00000
-0.10472
-0.20944
-0.34142
-0.41888
-0.52360
-0.62832
-0.73304
-0.83776
-0.92480
-0.04720
-1.15192
-1.25664
-1.36136
-1.46603
-1.57080
•H THHD DETI 3F10.5

1.80000 0.0004 0.0
1.80000 0.00040 0.00000

1.8 0.0004 0.0
1.80000 0.00040 0.00000

1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0 0.0
1.80000 0.00000 0.00000
1.8 0.0004 0.0
1.10000 0.00040 0.0:000
1.8 0.0004 0.0
1.30000 0.00040 0.00000

1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.9 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0

!. ,' r . -. ,,- .^

LC



TABLE 6 - (continued)

1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 '.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.9 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1.80000 0.00040 0.00000

R[- IF20.1
1600000.0

1600000.0
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tional streamlines should be presented. The initial boundary layer parameters

have to be determined experimentally at this time. Interval size should be halved

and the solution repeated until it converges, since the integration method is the

simple Euler method.

In the process of entering the data from the terminal the computer creates

FILE TBLSAVE. This file is exactly FILE TBLINP with a different name; thus, once

a set of data has been entered it is saved. If you are nearly finished entering

data and an error is made simply continue with the rest of the entries and make

editorial corrections to TBLSAVE.

All the computational results are output to the printer. Table 7 shows the

output for the example case.

Line 300: INPUT signifies that the lines between 300 and 2300 are the input

data.

Line 500: N is the number of parameters used in the mapping, and KPK is the

degree plus one of the longitudinal polynomials, which are used to

interpret the mapping parameters. Here, as before, BL is the beam-

to-length ratio.

Line 600: NTH and NSTAT

Line 700: S1 and S2

Lines 800-2100: present the components of the matrix BN(I,J).

Line 2300: Alpha-numeric Title identifying the data

The remaining data are organized by station and are tabulated in twenty columns

each headed by the variable name. Lines 49600-54000 show the example data for

station S = -0.0286.

TH 0 coordinate of streamline measured from x-axis

X x-coordinate of the streamline

Y y-coordinate of the streamline

CP pressure coefficient

PSI 3p/S rate of change in pressure along streamline

DTDS d/ds

R metric along the streamline

Kl geodesic curvature of the streamlines

K2 geodesic curvature of the orthogonal trajectories to the streamlines

PHI potential at (S,O)
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H shape parameter
THII el

DE H Ol

BETA 6

CF coefficient of skin friction

RS not used

RTH local Reynolds number

CFW skin-friction coefficient in normal direction

CFB skin-friction coefficient in crossflow direction

CFS skin-friction coefficient in streamwise direction

3.3 TBL3D

The primary output from TBL3Dare the surface coordinates, distance metrics,

and geodesic curvatures. The actual operation of the program is very similar to

the operation of TBLI. Input data is entered either through the keyboard in re-

sponse to the computer's prompting or it is entered from one of two stored files:

FILE 8 TITLE = "BNSAL" is the BNS file created by MAP 22, FILE i0 TITLE = "TBL3DINP"

is a file created by the present program during a previous run.

The example form of TBL3DINP is shown in Table 8.

TABLE 8 - FILE TBL3DINP

100 0.14150

200 -0.60000
300 0.60000
400 21
500 16

Table 8: File TBL3DINP

Line 100: BL

Line 200: START value of S at initial station

Line 300: SFINIS value of S at final station

Line 400: NSTAT number of stations

Line 500: NTH number of @-values used

There is no reason to enter the 0-values as they are equally spaced from 0 to

-1T/2.

Since one does not have to enter 8 or the initial boundary layer parameters,
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the initial run with this program is simpler than it is with TBL18. Table 9 shows

the terminal display as it would appear for TBL3D after going thiough an initial

run with it. Again the same menu for NINPT. One then enters a 1, if a BL other

than 1 is to be used followed by BY, START, SFINIS, NSTAT, and NTH. After the

computer responds with the value of NTH, 16 in this case, it prints the NT1 values

of e.

In general, several values of NTH should be tried such as 20, 30, 40, and 50

to check the accuracy of the final calculation. The number of stations should be

chosen experimentally after examining the results from TBLSOL. Making several runs

with NTH = 20 and NSTAT chosen so that AS = 0.050, 0.025, 0.020, and 0.010 should

provide a good feel for how the solution behaves with respect to AS. If some area

needs further refinement of the grid in the s-direction for convergence, the pro-

gram can be run just for this area with appropriate choices of START and SFINIS.

The output file TBLSAVE is created in the process of entering the data from

the terminal; it is exactly TBL3DINP with a different name.

All the computational results are saved in TBL3DOPT and also an identical copy

on the PRINTER file. Table 10 shows typical output.

Line 100: identifies the data

Line 200: N, KPK, BL

Line 300: START, SFINIS, NSTAT, NTH

Line 400: Station number, value of S at the station

Except for lines 400, 5300, and 6200, lines beginning with 1, 2, 3 have the

* following interpretation:

1 x y 6 u v

2 w u u6  un S

3 K K H F G

The values (x, y, 6, S) are the respective coordinates of the grid point. u,

v, w, are the inviscid velocities of the fluid in the (x, y, s) coordinate system;

u, and u0 are the velocities in the 4 and 6-directions respectively, while in is a

normal velocity to the surface. Since the inviscid velocities are obtained h-ere

with slender body theory, un is not identically zero. K and K0 are the respective

geodesic curvatures. H, F, and G are functions used in computing the metrics of

the surface coordinates and are defined in Equations (22) and (23).
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TABLE 9 - TERMINAL DISPLAY FOR TBL3D

SSPA MODEL 720
7 it 1.00000

1.05407 0.00946 -0.06386 -0'.17969 -2.17726 1.30080 1.7528?-2.35902 0.99482 1.35102 -1-272180.09199 -0.01678 0.12962 0.23842 -1.63679 0.65025 1.6261?1.30540 -1.17223 -0.99895 0.67261-0.14817 -0.01482 0.27346 0.19518 0.85676 -0.34804 -2.45327
0.50034 2.46250 -0.32998 -0.98946-0.00560 -0.00706 0.00830 0.22146 0.35303 -0.73910 -1.289671.22848 1.99487 -0.70358 -1.060580.00609 -0.01300 -0.15698 0.25859 1.06743 -1.09828 -2.?92671.64747 3.20478 -0.79404 -1.328150.00030 -0.01009 -0.05990 0.14915 0.62418 -0.50594 -1.836880.62018 2.24264 -0.25234 -0.920010.00096 0.00142 -0.01278 -0.01756 0.05647 0.09382 -0.03964-0.17823 -0.08303 0.10064 0.07818

NINPT DENOTES THE TYPE OF INPUT
NINPT=I CARD DATA RMT

3 STORED DAT-A

NINPT ll

2DO YOU WISH TO ENTER NEU BL?

IF YES TYPE 1 NO TYPE 0

BL= 1F10.5
0.1415
0.14150

START= IF1O.5

-0.6
-0.60000

SFINIS= IF10.5
0.6
0.60000

NSTAr= 113
21
21

NTH= 113
16
160.00000 -0.10472 -0.20944 -0.31416 -0.41888 -0.52360 -0.62832-0.73304 -0.83776 -0.94248 -1.04720 -1.15192 -1,25664 -1.36136

-1.46608 -1.57080
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TABLE 10 - FILE TBL3DOPT

100 SSPA MODEL 720
200 7 11 0.14150

300 -0.60000 0,60000 21 16
400 1-0600000
500 1 .1076487E+00 0. 0. .2228504E+00 0.
600 2 .1015192E+01 .1039358E+01 0. -.3304451E-02 -.6000000E+00
700 3 -.1746801E+01 0. .1024530E+01 0. .1319586E+00
800 1 .1070765E+00 -.1383975E-01 -.1047198E+00 .2260201E+00 -.2191698E-01
900 2 .1013320E+01 .1038446E+01 .1965947E-02 -.2949163E-02 -.6000375E+00
1000 3 -.1503672E+01 -.1295564E+00 .1025467E+01 .)161124E-03 .132923?E+00
1100 1 .1055012E 00 -.2772837E-01 -.2094395E+00 .2319952E+00 -.5121243E-01
1200 2 .1008394E+01 .1035967E+01 -.8533613E-02 -.1934473E-02 -.6001429E+00
1300 3 -.9778611E+00 -.2079391E+00 .1027713E+01 .129B230E-02 .133,1152E+00
1400 1 .1032734E+00 -.4142935E-01 -.3141593E+00 .2340332E+00 -.9026146E-01
1500 2 .1002a41E+01 .1032607E+01 -.3647421E-01 -.5599877E-03 -.6002810E+00
1600 3 -.4966123E+00 -.2322699E+00 .1029947E+01 .1340198E-02 .1305186E+00
1700 1 .1005883E+00 -.5440810E-01 -.4188790E+00 .22583PE+00 -o1386364E+"0
1800 2 .9977760E+00 .1029084E+01 -.8100021E-01 .5415959E-03 -.6003663E+00
1900 3 -.2271720E+00 -.236982!E+00 1031042E+01 .2899263E-03 .12181?9E+00
2000 1 .9729968E-01 -.6610241E-01 -.5235988E+00 .1966538E+00 -.1923716E+00
2100 2 .9979270E+00 .1025890E+01 -.1381673E+00 .5000'37E-03 -.6002711E+00
2200 3 -.2092135E+00 -.2620306E+00 .1030629E+01 -.2110958E-02 .1102132E+00
2300 1 .9300203E-01 -.7623009E-01 -.6283185E+00 .1398962E+00 -.2356202E+00
2400 2 .1005483E+01 .102325)E+01 -.1975938E+00 -.1257294E-02 -.59987':1E+00
2500 3 -.3959048E+00 -.3209001E+00 .1028985E+01 -.5511206E-02 .101119YE+00
2600 1 .8731204E-01 -.8487507E-01 -.7330383E 00 .6810752E-01 -.2464628E+00
2700 2 .1017983E+01 .1021275E+01 -.2421879E+00 -.3708640E-02 -.59910?4E+00
2800 3 -.6347227E+00 -.3778387E+00 .1026544E+0! -,9095525E-02 .9855563E-01
2900 1 .8008766E-01 -.9231333E-01 -.8377580E+00 .74779'A00E-02 -.2,6362E+0
3000 2 .1029067E+01 .1020127E+01 -.2648933E+00 -.5146658E-02 -.5979983E+00
3100 3 -.8234540E+00 -.3865944E+00 .1023555E+01 -.1207957E-01 .1015647E 00
3200 1 .7144016E-01 -.9876676E-01 -.9424778E+00 -.3567305E-01 -. 196231 8+o0
3100 2 .1036653E+01 .1020007E+01 -.2720005E+00 -. 5376 20E-02 -.596629?E+00
3400 3 -.1024584E+01 -.3442213E+00 .1020069E+01 -.1407044E-01 .1065337E+00
3500 1 .6158783E-01 -.1042907E+00 -.1047198E+01 -.6534221E-01 --.1 86447E+00
3600 2 .1041305E+01 .1020983E+01 -.2670684E+00 -.4V68351E-02 -.5951080E+00
3700 3 -.1324703E+01 -.2781963E+00 .1016111E+01 -.1499069E-01 .11133,6E+00
3800 1 .5071863E-01 -.1088297E+00 -.1151917E+01 -.810840?E-01 -.11625981-400
3900 2 .1042699E*01 .1022812Ef01 -.2472945E+00 -. 3561. , .-0.2 -. 593.*4,.,E+00
4000 3 -.1750850E+01 -.2162065E+00 .1011814F+01 -.1477011E-01 .1158369E+00
4100 1 .3896382E-01 -.1123276E+00 -.1256637E+01 -.8049241E-01 -./3503Y6E-01
42A40 2 .1040407E+01 .1024973E+01 -.2091745E+00 -.2133289E-02 -.5920854E+00
4300 3 -.2265229E+01 -.1680927E+00 .1007493E+01 -.131?614E-01 .1203060E+00
4400 1 .2645479E-01 -.1147821E+00 -.1361357E+0l -.6403464E-01 -.3700986E-01
4500 2 .1035503E+01 .1026886E+01 -.1524454E+00 -.9640050E-03 -.5908674E+00
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TABLE 10 - (continued)

4600 3 -.2774616E+01 -.1236639E+00 .1003665E+01 -.1006735E-01 .1243714E+00

4700 1 .1338044E-01 -.1162293E+00 -.1466077E+01 -.3535184E-01 -.1254040E-01

4800 2 .1030611E+01 .1028144E+01 -.8053472E-01 -.3055445E-03 -.5900534E+00

4900 3 -.3155131E+01 -.6822705E-01 .1000980E+01 -.5482609E-02 .1272438E00
5000 1 -.3423824E-11 -.1167067E+00 -.1570796E+01 .9717779E-11 -.3919891E-02

5100 2 .1028565E+01 .1028572E+01 .2101379E-10 -.1119698E-03 -.5897664E+00
5200 3 -.3296611E+01 .1903118E-10 .1000008E+01 .1400675E-11 .1282839E+00
5300 2-0.540000
5400 1 .1195187E+00 0. 0. .1726273E+00 0.
5500 2 .1033713E+01 .1048012E+01 0. -.5734943E-02 -.5400000E+00
5600 3 -.1740499E+01 0. .1014791E+01 0. .1470473E+00
5700 1 .1191601E+00 -.1535795E-01 -.1047198E+00 .1772038E+00 -.1206576E-01
5800 2 .1032026E+01 .1047081E+01 .1461010E-01 -.5599279E-02 -.5401326E+00
5900 3 -.1518471E+01 -.4281959E-0l .1015801E+01 .2532992E-02 .1459863E+00
6000 1 .1180539E+00 -.3042280E-01 -.2094395E+00 .1877014E+00 -.3271569E-01
6100 2 .1027007E+01 .1044418E+01 .1453239E-01 -.5038358E-02 -.5404757E*00
6200 3 -.9943291E+00 -.804336?E-01 .1018293E+01 .4022324E-02 .1420645E+00
6300 1 .1162987E+00 -.4481263E-01 -.3141593E+00 .1959246E+00 -.6581593E-01
6400 2 .1019780E+01 .1040483E+01 -.6936500E-02 -.3939546E-02 -.5408890E+00
6500 3 -.4560700E+00 -.1161479E+00 .1020887E+01 .3873435E-02 .1343139E+00
6600 1 .1138514E+00 -.5808049E-01 -.4188790E+00 .1928358E+00 -.1103753E+00
6700 2 .1012894E+01 .1035865E+01 -.4796494E-01 -.2676672E-02 -.541200'E+00
6800 3 -.1365952E+00 -.1631869E+00 .1022421E+01 .2080112E-02 .1231138E+00
6900 1 .1104692E+00 -.6985761E-01 -.5235988E+00 .1689534E+00 -.1599221E+00
7000 2 .1009655E+01 .10f1139E+01 -.1013624E+00 -.2015065E-02 -.5412615E+W(s
7100 3 -.1269329E+00 -.2349296E+00 .1022553E+01 -.9208378E-03 .1113327E+00
7200 1 .1057922E+00 -.8000459E-01 -.6283185E+00 .1197554E+00 -.1984719E+00
2300 2 .1012270E+01 .1026784E+01 -.1553451E+00 -.2455138E-02 -.5409783E+00
7400 3 -.3184498E+00 -.3224631E+00 .1021645E+01 -.4471291E-02 .1033845E+00
'/500 1 .9953330E-01 -.8862767E-01 -./330383E+00 .5818337E-01 -.2093423E+00
7600 2 .1019080E+01 .1023169E+01 -.1970950E+00 -.3464412E-02 -.5403230E+00
7700 3 -.4661877E+00 -.3861478E+00 .1020180E+01 -.8029229E-02 .1019603E+00
7800 1 .9161058E-01 -.9594043E-01 -.8377580E+00 .3955355E-02 -.1950477E+00
7900 2 .1026277E+01 .1020569E+01 -. 2229923E+00 -.4124788E-02 -.5393205E+00
8000 3 -.5293835E+00 -.3977186E+00 .1018335E+01 -.1112082E-01 .1058141E+00
8100 1 .8212461E-01 -.1020975E+00 -.9424778E4v0 -.3674202E-01 -.1666526E+ o
8200 2 .1032070E+01 .1019121E+01 -.2359362E+00 -.4142293E-02 -.5380306E+00
8300 3 -.6824672E+00 -.3690B10E+00 .1015992E+01 -.1351804E-01 .1120865E+00
8400 1 .7123166E-01 -.1071360E+00 -.1047198E+01 -.6320235E-01 -.1296369E+00
8500 2 ,1035474E+01 .1019731E+01 -.2349075E+00 -.3510063E-02 -.5365384E+00
8600 3 -.1017475E+01 -.3273791E+00 .1013031E+01 -.1498298E-01 .1173080E+00
8700 1 .5904541E-01 -.111C407E+00 -.1151917E+01 -.7316435E-01 -.8?07492E-01

8800 2 .I035281E+01 .1019042E+01 -.2159651E+00 -.2.411822E-02 -.5349592E+00
8900 3 -.1465833E+01 -.2884922E+00 .1009573E+01 -.1517921E-01 .1273743E+00
9000 1 .4564362E-01 -.1138421E+00 -.1256637E+01 .-.6700109E-01 -.5243209E-01
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3.4 CBLGEO

CBLGEO sets up the panels for the potential calculation. It computes the

(S, x, y) coordinates of the panel corners and stores these values in FILE 7

TITLE = "CBL3DOPT".

Input data is again entered through the keyboard in response to the computer's

prompting or it is entered from one of two stored files: FILE 8 TITLE = "BNSAL",

the BNS file created by MAP 22, or FILE 10 TITLE = CBL3DINP", a file created by

the present program during a previous run. This latter file has the same entries

as TBL3DINP.
Table 11 shows the example problem being run from the terminal with entries

made remotely NINPT = 2. Note that there is no need to enter START or SFINIS as

these values are set by the program. After NTH = 10 is entered and echoed the ten

values of 0 are printed at the terminal.

There are two output files: FILE 11 TITLE = "CBLTAPE" and CBL3DOPT.

CBLTAPE is created in the process of entering the data from the terminal; it is

exactly CBL3DINP with a different name. CBL3DOPT contains all the panel data to

be passed onto the potential program. Table 12 shows the output for the example

case. Only the first four panels are shown.

Line 100: identifies the data

Line 200: N, KPK, BL

Line 300: START, SFINIS, NSTAT, NTH

Line 400: 1 first panel

Note that lines 400, 1000, 1600, 2200 give the panel number for the next five

lines of data. Lines beginning with 1, 2, 3, 4, and 5 have the following nomen-

clature:

I S(I) x(I,J) y(I,J) TTH(J)

2 S(I+l) x(I+l,J) y(IH,J) TTH(J)

3 S(I+I) x(I+l, J+l) y(1+l, J+1) TTH(J+l)

4 S(T) x(I, J+l) y(I, J+l) TTH(J+I)

5 SE(MD) XE(MP) YE(MP) TTE(MP)
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TABLE 11 - TERMINAL DISPLAY FOR CBL

SSPA MODEL 720
i l 1.00000

1.05407 0.00946 -0.06386 -0.17969 -2.17726 1'.30080 1.75289

-2.35902 0.99482 1.35102 -1.27218
0.09199 -0.01678 0.12962 0.23842 -1.63679 -0.65025 1.62619
1.30540 -1.17223 -0.99895 0.67261

-V.14817 -0.01482 0.27346 0.19518 0.85676 -0.34804 -2.45322
0.50034 2.46250 -0.32998 -0.98946
-0.00560 -0.00706 0.00830 0.22146 0.35303 -0.73910 -1,28967
1.22848 1.99487 -0.70358 -1.06058
(.00609 -0.01300 -0.15698 0.25859 1.06743 -1.09828 -2.7926?
1.64747 3.20478 -0.79404 -1.32815
0.00030 -0.01009 -0.05990 0.14915 0.62418 -0.50594 -1.88688
0.62018 2.24264 -0.25234 -0.92001
0.00096 0.00142 -0.01278 -0.01756 0.05647 0.09382 -0.03964
-0.17823 -0.08303 0.10064 0.07818

NINPT DENOTES THE TYPE OF INPUT
tNINFT=I CARD DATA

2 REMOTE

3 STORED DATA

2

11O fuU WISH TO ENTER NEU BL?
IF YES TYPE I NO TYPE 0
1

tL- iF10.5
0.1415

t 0.4150

i;4TAT= 113

NTH: 113
10

10
0.00000 -0.17453 -0.34907 -0.52360 -0.69813 -0.87266 -1.04720
-1.22173 -1.39626 -1.57080
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TABLE 12 - FILE CBI,3DOPT

IC., ,'' 4 .,, L 7
5 C I I P

F' .J I

5C,0 x -0.1 . 57c . 9 "  "". ," -"I .!?, ?

ICCO
9CU 1 "3. 9 e5 ' .r 3 31 , C.7. " ' -C.C?7

Icco
142cO 2 0. 9I1 ( . .. O1 9le C. 5 5 4 1 -C.174 3
1I3C0 3 -%,.C, I E.6 7 . 1. ) .-r o -0 .343Q r7

I5CC 2 -C.V1E67 ?.21I57 -C.% ?', -?.!497

210 "1.CC;. [.tc7] -'. %5 -O.t3E?'

e 22.3 4 (
C " . ,.' 3 .. O C. A. 3 z - .2 - I

24Cc 2 -C.,1Eib .1 -C.S9?9-0 .O3 C
1SCo 3 -0. lcoi .1414 -c.04c c C .51 3

27C,, , "I.' "5' C.'0 -C.OoE -. E!
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Al -.;44+00 .11081E-01 -.61080E-02 -. 96096E+00

400 -.J531!E.00 10129E-01 -.18914E-01 -.98506E+00

500 -.95275[400 .88904E-02 -.31775E-01 -.96556E 00

6U -.99315E, 160'3E-02 -.41626E-01 -.9ilC3Et00
'00 -.95,)31#00 .0537E-02 -.54083E-01 -.96019E+00

800 -.95219E00 .50183E-02 -.63442E-01 -.9?1o7E+O0

900 -.9582E*04 15301E-02 -.70900E-01 -.96936E+00

1000 - .95i95E#00 .2263E-02 -.75735E-01 -.95868E+00

1100 -.947431#00 .67134E-03 -.8lO59E-01 -.9933'i00

1200 -. 87dE.00 .31066E-01 -.64092E-02 -.92329E00

JO0 -.87413E.QO .287461-01 -.25893E-01 -.91733E+00

400 .8742 ?E00 .2595IE-01 -.43865E-01 -.91627E+00

1500 -.67415E#00 .23302E-01 -.604681-01 -.92244E.00

1600 -.S739EoQ0 .1965@E-01 -.74796E-01 -.92617E.QQ

Q0 .8,385E+00 15450E-01 -. 87115E-01 -.92725E+00

100 .i9109E0, I)947E-01 -. 97344E-01 -.916401.00

1900 -.i'12GE.O .*6jo1-02 -.tV42400 -.93054E*00

'OOC -.6?C3l[#OC .~2~ -02 0Q54Es0C -. 95oE61CQ



TABLE 14 - TERMINAL DISPLAY FOR TBLIPC

SSPA MODEL 720
7 1 0.141 S8

-. 6 s .6601 is
16 -. 2S4?198E*O -. 9S4994E.0t
IF TE DIMENSIONAL POTENITSI. IS FROM MIM'S PROGRO"
ENTER I SLENDER BODY ENTER e*7

216
24 9

216

ratio is 0.14150. rhe initial station for the data is S = -0.6, and the last

station is S=0.,, There are 21 stations to be used in the lengthwise direction,

and 16 values of . The 16 values of 1 are equally spaced with .~Y = -0.1047198

and I/A0 = -9.549294. In the case shown the doublet distribution potential is

used so a 1 appears as the answer to the question. There were 216 panels used in

the doublet method: 24 in the lengthwise direction and 9 in the girth direction.

The final 216 indicates that the program is reading the data for the 216 panels.

There is only one output file, FILE 7 TITLE = "TBLIPCOPT". A representative

portion of it is shown in Table 15.

Line 100: Data indentification

Line 200: N, KPK, and BL

Line 300: START, SFINTS,NSTAT, and NTH

Line 400: The station number and the value of S at this station.

Lines beginning with 1, 2, and 3 have the data organized as follows:

1 x u u n

2 S du,/d'- du,/dK , du /d ; du,-/d.:

3 K Ka  H C (

3.7 TBLSOL

This final program of the suite, TBLSOL, computes the boundary-laver momentum

thickness, T14l, the t,,ngent of the crossflow angle T, and the shape parameter 11.

Input data is entered cither through the keyboard in answer to prompting from the

computer, or it is read from the stored file: FI!LE 8 TITLE ="TBIIPCOPT". This

file is created by TRI.IPC and is described in Section 3.6.

47

7.7



'c) c lC, 'C C~ CCC) C.JC!C )C'I C) C)C C )C) cC)0C) C73 --
* I 8 -? +~ 4 4 -, , * + I , iI + .~ - + 0

id Lj Ui 64 Wi L t .L- L -' L J L 2i U! . Lil Ill I L, LI lJ Wa ill ill Jii LU LI i tj)W
- .C Ir-. N. 171 F-' C- I' - . C\J rj) .- I O 0 P- I-n (\j L, - C' ('- C t- ?I3 - I,- U)f 1 r -

krN aI I (\ 41 %r - -T C - C" " ) ( I I if fIf -0 (7 , -

(\j 'n '0 r\ C) C) C) C' C' ) .C C' P-- r\ I) L )(- --Y C ) C 1 - I
C4 .. S - -o C' 41 -- C" -z 4- c 4 8 * I A

p" C, (I, j' I'd -I- C>1NC OJ C .j -

+ ) , ICo I + II I I I

8 0 * j on I4 4 - 4 - . 4 '7 C -7 .0 in PII - 4 C

1 . f -' - 7? 0'~ l V, C N N-" C 0 -7 - - )C r~ LI 0f 1 u Ir- - C-)

t-. - 1 '77 .- r\- on c, C i cc) < (f ) c-, c-, Lr" r or1 C' C- r. j C) ) c> r-)'2

C ,J -7? -' C- C ' 7.. C . CU" " l( -'* 'CI C C> c' - 'N. 2 C! N I >

c-3 e) C--- 9- -: ) .3 . 3 3 3 7) C-) . -. ) I A U ~ 3 )

L..; I,) -I' W U) 1. C" 1."'. 0 W L' 1. )j t72 ; L ' 4 tf J .- .- .7 . '7 '-7 )L ,1 I .J 'I

u, (-Cl! L"3')" u! lC ) rC' a 7 L -CT U I ~ ' If)-- C!)Jc 1
%L -3 I n t I ' 1 jC c I-r .I ' ;. C- -r- IC- c:~~ c7 .c 2 a- j72- -

C; .7 A r-''..-I - f C. (C o- .C 0 .7 , C, C (v*-'0I" ' Lnr -7

N-, '*- Q7 . 88 8r a 8 ~ 8 " 1 8D fl I 8 I C I I C I t I -j

c C

C- 1 4_ L7 I-'. U ' I .if .L- L.) L, U. I ~ IS: (Iz'

a -C'I -T r-, V IT, 17- 1. -- ' f'. i'C.~V . ' C 1'- - C 7 Il . - C

C) \8

CI . '. r. . . '. .

.3 0) *'2' ) r7 1 C) 3 ) )) > ) I I ) l

o)7-) .72' Cj'C JC CJ)' . C 3 .l~' ' 1 ' .~),, C . 3

-))C).& .13 -I" t.-!'" C) l.(',,).C"J)

1-3 ,n + +



Table 16 shows the example problem being run from the terminal. The first

two rows of numbers are the polynomial coefficients in the skin friction formula
9

given by Head and Patel . These are fixed values and appear as data items in the

program itself. In the example case the number of stations at which the boundary

layer is to be calculated is NS=21 with only one iteration at each step, NT=I.

TOL is the present value of tolerance used in the program; any number less than

TOL is considered zero. There should be no need to change the value from 10- 9

If a larger TOL is needed, it is likely that something is going wrong in the com-

putation or the initial data is not physically correct.

In the example, constant values were used for the initial data; these were

TH11 = 0.0004, T=0, and H=1.4 where TH1l has been nondimensionalized with respect

to the semi-hull length. These values are entered at the appropriate prompting.

The initial data will generally be obtained from experimental data. In the

four cases that this program was used witb experimental data, different inter-

polation methods were used. This amounted to writing a subroutine to interpolate

the experimental data in each case as a function of e and simply calling the sub-

routine to set the initial values. Enter a call for this subroutine at line 2500

in Subroutine INITIAL and change 2500 from STOP to RETURN. If initial data is

entered as a function of 0 merely respond with a 1 and the program will ask for the

initial data at jA6, j = 0, 1, 2, ... , NTH.

The output for the test case is presented in Table 17.

Line 100: NS and NI

Line 200: Title

Line 300: N, KPK, and BL

Line 400: START,SFINIS, NSTAT, and NTH

Line 500- THll, T, and H

Line 1200: Station 1, S at initial station

Lines 1300 Through 6100 have the following format:

1 x y 0u u0

2 s du /dM. du /d du /d9 du /df0

3 K K H F C

Lines 6200 through 7900 are typical of the output for each station. Line 6200 has
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TABLE 16 - TERMINAL DISPLAY FOR TBLSOL

RUN TBLSOL
#RUNNING 4359
-0.000701 0.028345 -0.386768 0.019521I -0.001953 0.062588 -0.834800 0.191511
NS IS $NDER OF STATIONS AT UHICH BOUNDARY LAYER IS
Ta BE CALCULATED
N4S= 113
Nt?
21
21
NI IS NUMBER OF ITTERATI1014 AT EACH STEP
NIv 1I3

1
TOL. .10000E-03
IF THE INITIAL VALUES ARE CONSTANT ENTER 0
OTHERUISE ENTER A I
0
TH112 iFiO.5
.0004
0 .00040

T2 TAN(BETA)z 1FiO.5
0.0

0.00000
-H* IF10.5

50



Lai LA La LaI Lai Lai i La5 IIi La " L La wi i Lai I

-'O " 0 ") 0. :: W 000 w0 M M"4
.0 m" cc 4r C'. 451 r ' C2. 1 0o ("a Ill C>

10 P, 01 C,40- 1 4' 4,%4'W W U0)m W W 0-40

r00 t 4. 0 . "2 i cp D W 1..0. 100.C1 -

04-I- C.+4 420 C0>U<>4C3-0('4N C

0 ~ ~ ~ ~ ~ ~ .OCd, O N ) 00 0 0 0 0 0 0
0., 4' C 0 .O Cb > 3 a w w w a u L UL aL

+ ++ +W)~- 1. ~ a j ut"Ji3 i%

4,0 U' . C4 1.. 10 -0 -. W -- C D- >C - q- . U)7) N

. . . . . . . . .. .)

.- I- -0 04 C' 0. 00 U 04tJP

0 . I + 4 I

0 n ii a " a0 a a 3 I a I I I a a a I I

41 ~ ~ ~ ~ a C4 N+ + a +4 W-"" p- .M-

-4 ~ ~ ~ - 0- 0 -0 10 0o ('0 ('4 -" n 0Mr wc

0 -4 C'. . n U 0 GP 00 0 (' " . 'C.P)4 U ON0 .0 '.P)4 n'

----- 40 -C> C14 C3- 4'J .04-O -0-0L o C >< 3 -0 -0 -0 N> N N N N N N N

51C wWq Wq r- q 2r "P7r nr



the station number and station s coordinate. The remaining lines give the boundary

-layer parameters around the girth at station s as a function of 0.

Running time for this program has always been less than five minutes.

4. CONCLUDING REMARKS

This report presents a suite of computer programs for computing three dimen-

sional boundary layers for ships. Most of the technical details for carrying out

the computations are explained and demonstrated in the form of a worked out

example. The computer programs are in a structured form that permits modification

to empirical formulas as better empirical approximations are developed, e.g. an

improved crossflow model when new experimental data becomes available. Alterna-

tively, individual programs described in this report, such as MAP22, and DOUBDD

can be used independently or with other methods for calculating the boundary layer.

There are some choices that must be made in the input data to these programs.

The number of hull offsets to be used in obtaining the rational hull approximation

together with the degree of the lengthwise approximating polynomial and the degree

of the conformal mapping are the most difficult choices to be made. The values

used in the example are a good starting guess; however, these numbers should be

determined by comparing the agreement of the approximating offsets with the

physical hull offsetq and by examining the smoothness of the approximating hull

shape. Changing the degree of the lengthwise polynomial and the number of para-

meters in the conformal mapping will change the smoothness of the approximating

hull form. 250 panels should be used in the potential calculation; the panel

dimensions should be chosen so that the longest panel dimension is in the direction

of the freestream flow. In the boundary layer calculation 40 girthwise values

should be used.

von Kerczek and Langan concluded that the present boundary layer calculations

method can predict boundary layers on relatively fine double ship models with fair

accuracy to within a distance of the stern of about 10 percent of the ship's

length for the SSPA Model 720. In the stern area, the boundary layer thickens very

rapidly and approaches separation. Calculation of this near-separated boundary

layer region must await further developments of boundary layer theory.
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APPENDIX

PROGRAM LISTINGS

54

mid



100 FILE 5(TITLE="PFN",KIND=DISKFILETYPE=7)
110 FILE 8(TITLE="ANS",KIND=DISK,PROTECTIO=SAVEMAXRECSIZE=22)
115 FILE 9(TITLE="BNS",KIND=DISK,PROTECTION=SAVEHAXRECSIZE=22)
120 FILE 6(KIND=PRINTER,MAXRECSIZE=22)
130 $RESET FREE
135 C PROGRAM MAP22
140 COMMON /A1/ XMS(50,50),YMS(50,50)
150 COMMON /A2/ AN(50,10)
160 COMMON /A3/ BN(25,10)
170 COMMON /A4/ BS(25,25)
180 C
190 C MAP FITS AN ANALYTIC SURFACE TO A SHIP HULL
200 C POINTS AT THE WATERLINE AND AT THE KEEL CONSTRAINED - ALL STATIONS
210
220 C XMS X OFFSET OF A POINT ON THE HULL
230 C YMS Y OFFSET OF A POINT ON THE HULL
240 C AN(I,J) MAPPING COEFFICIENTS AT STATION I
250 C BN(I,J. CALCULATED A SUB MN
260 C BS(IJ) COEFFICIENT MATRIX
270 C KT(I) NUMBER OF OFFSETS GIVEN AT STATION I
280 COMMON /AS/ KT(50)
290 COMMON /A61 IFS(50)
300 COMMON IAT/ JFS(50)
310 COMMON /AB/ TITLE(12)
320 COMMON /A?/ THETA(50)
330 COMMON /Bf S(50)
340 COMMON /B2/ AP(10
350 COMMON /B3/ B(50),H(50),SA(50)
360 CALL INPUT(K,N,ISTI.IST2,KP1,KP2,TOL,BL)
370 CALL CONTRA(K,N,TOL
380 IF(K.LE.2) GO TO 5
390 CALL POLY(1,IST1,N,KP1)
400 5 CALL OUTPUT(I,IST1,N,KP1,BL)
410 IF(IST1-K) 1,2,2
420 1 CALL POLY(IST2,K,N.,P2)
430 CALL OUTPUT(IS[2,K,N,KP2,BL)
440 IF(IST2-IST1) 2,2,3
450 3 DO 4 J=1,N
460 BN(I,J)=BL*AN(IST1,J)
470 4 BN(2,J)=0.0
480 CALL OUTPUT(IST1,IST2,N,2,B_)

490 2 STOP

500 END
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510 SUBROUTINE INPUT(K,N,ISTI,IST2,KP1,KP2,'TOL,BL)
520
530 C SUBROUTINE INPUT CONTAINS ALL READ STATEMENTS FOR MAP
540
550 C XMS X OFFSET OF A POINT ON THE HULL
560 C YMS Y OFFSET OF A POINT ON THE HULL
570 C AN(I,J) MAPPING COEFFICIENTS AT STATION I
580 C BN(I,J) CALCULATED A SUB MN
J90 C BS(I,J) COEFFICIENT MATRIX
600 C KT(I) NUMBER OF OFFSETS GIVEN AT STA[ION I
610
620 C IFS(I) I NO CONSTRANTS AT STATION I
630 C 2 SURFACE AT STATION I TO PASS THROUGH OFFSETS
640 C 3 AT STATION I SLOPE WITH RESPECT TO S 1S 0
650 C 4 2 AND 3 COMBINED
660 C 5 AT STATION I SLOPE AND CURVATURE ARE 0
670 C 6 2.3,AND 5 COMBINED
680
690 C JFS(I) 0 AN READ IN AT STATION I
700 C 1 COMPUTE AN
210

'20 C TITLE IDENTIFIES COMPUTATIONS- 144 CHARACTERS MAX
730 C THETA(J) PHI SUB J AT A GIVEN STATION
740 C S(i) S AT STATION I
750 C AP MAPPING COEFFICIENTS IT A GIVEN S[ATION

260 C BNl) B EAM AT STATION I
270 C H(I) DRAFT AT STATION I
280 C SA(I) CROSS SECTIONAL AREA AT STATION I
290

800 COMMON /Al/ XMS(50,50,YMS(50,50J
810 COMMON /A2/ AN(50,10)
820 COMMON /AS/ KT(50)
830 COMMON /A6/ IFS(50)
8 40 COMMON /A?/ JFS(50)
850 COMMON /A8/ TITLE(12)
860 COMMON /Bl' S(50)
870 DIMENSION IX( OIY(50)
880 READ(5,24) (TITLE(J).J=1,12-)
890 READ(5,3) ISTI,IST2.KI1 ,KP2
900 READ(5,1) K,NTOL,BL
910 DO 58 I=I,K
i20 DO 58 J=1,N
'730 58 ANU,J4.0O
?40 READ(5.3) (IFS(I),I=l,K)
?50 READ(5,3 JFS I ,I V
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960 READ(5,25)(KT(I),I=1,K)
970 DO 33 1=1 ,K
980 M=K1(I)
990 READ(5,4) (IX(J),IY(J).J=1,M)
1000 DO 34 J=1,r1
1010 XMS(I,J)=FLOA'T(IX(J))
1020 34 YMS(I,J)=FLOAT(IY(J))
1030 33 CONTINUE
1040 XMAX=XMS(10,1)
1050 DO 35 1114
1060 M=KTW
1070 DO 35 J=1,M
1080 XMS(I ,J):XMS( I,J)/XMAX
1090 35 YMS(I,,J)=YMS(I.J)/XMAX
1100 DO 36 1=15.K
1110 M1=KT(I)
1120 DO 36 J=1,M

1130 XtiS(I,J)=-XMS(IJ)/XMAX

1150 READ(5.2) (S(I1)4:1,<)
160 DO 31 I11,K

11210 IF(JFS(l)) 31,32,31
1180 32 READ(5,2) (AN(I,J).J=1,N)
1190 31 CONTINUE
1200 URIIE(6,40)
12,10 WRIrE(6,24) (T[ITLE(J) ,J=1 ,12)
1215 URITE(9,2A) (TITLE(J),J=1 ,12)
1220 URIFE(6,19)
1230 DO 21 1=1 ,K
1240 M=KT(I)
1250 WRITE(6,22) I,S(1)
1260 21 URITE(6,23)(XMS(I,J),YMS(I,J),J=1,M)
12170 100 RETURN
1280 1 F0lRlAb%2Ii0,2Fl0.5)
1290 4 FORMAT(6(IX,216))
1300 2 FORMAT (17F10.5)
1310 3 FORMAT(1415)
1320 25 FORMAT(?I110)
1330 24 FORMAT(12-A6)
1340 40 FORMAT(1Hfl
1350 19 FORNAT(19H THE INPUT OFFSETS I,

360 221 FORMAT(//56H xms Y M
13,10 lS(, 12,2H):F5.2/
1380 23 FORMAT(F30.5.F16.5i)

390 END
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1400 SUBROUTINE CONTRA(KNTOL)

1410
1420 C SUBROUTINE CONTRA COMPUTES THE PARAMETERS IN THE CONFORMAL MAP OF TH
1430 C uNIT CIRCLE ONTO THE CROSS SECTION
1440
1450 C XPS X OFFSET OF A POINT ON THE HULL
1460 C YMS Y OFFSET OF A POINT ON THE HULL
1470 C 4N(I,J) MAPPING COEFFICIENTS AT STATION I
1480 C BS(IJ) COEFFICIENT MATRIX
1490 C KT(I) NUMBER OF OFFSETS GIVEN AT STATION 1
1500
1510 C JFS(I) 0 AN READ IN AT STATION I
1520 C 1 COMPUTE AN
1530
1540 C THETA(J) PHI SUB J AT A GIVEN STATION
1550 C AP MAPPING COEFFICIENTS AT A GIVEN STATION
1560 C B(1) B EAM AT STATION I
1570 C H(I) DRAFT AT STATION I
1580 C SA(I) CROSS SECTIONAL AREA AT STATION I
1590
1600 COMMON /Al/ XMS(50,50),YMS(50,50)
1610 COMMON /A2/ AN(50,10)
1620 COMMON /A4/ BS(25,25)
1630 COMMON /AS/ KT(50)
1640 COMMON IAT/ JFS(50)
1650 COMMON/A9/ THETA(50)
1660 COMMON /B2/ AP(10)
1670 COMMON /B3/ B(50),H(50),SA(50)
1680 DIMENSION ANU(25,1),IP(25)
1690 5 FORMAT(23H THE MATRIX IS SINGULAR 15,F10.5)
1700 70 FORMAT(36H BEST FIT AT THIS NN NOT YET REACHEIi//)
1710 100 FORMAT(///13H INITIAL AN(12,4HJ):=.3F9.5.21H A-EA COEFFICIENT=
1720 1F9.5//)
1730 104 FORMAT(10F12.8)
1740 107 FORMAT(18H NO CONVERGENCE AT 15)
1750 108 FORMAT(17H NO LEWIS FORM AT 15)
1760 110 FORMAT(6H DUT=FB.5,)H AN=11F9.5)
1770 THETA(1)=0.0
1780 PI=-3.14159265
1790 DO 103 L=I,K
1800 M=KT(L)
I810 D(L)=XMS(L,I)
1820 H(L)=-YMS(LM)
1830 SUM0.0
1840 DO 112 J=2,M
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1850 112 SUM=SUM+0.5:*(XMS(L,J)-XMS(L,J-1))*(YfS(L,J)-YMS(L,J))
1860 SA(L)=2.*SUN
1870 103 CONTINUE
1880 D0 54 I=1,1<
1890 IF(JFS(I)) 11,54,11
1900 11 AN(I,2)=0.5:0(B(I)-H(I))

1920 HBDH**2l+8.*(2. SA(I)/PI+B(I)*H(1))

1930 IF(HBB) 63,64,64

1940 63 URITE(6,108) I

1950 AN(I,3)=0.0
1960 GO TO 54
1970 64 AN(I ,3)=-0.25*J~(8H-SQRT(H14))
1980 54 CONTINUE

'1990 DO 10 I;=1,K

2000 IF(JFS(I)) 12,13,12
2010 13 URITE(6,6) I, (AN(I,J),J:1I.N)

2020 6 FORMAT(//15H AN GIVEN AT I=12,4H AN=10F9.5)

'2030 GO TO 10
2040 12 M=KT(I)
2050 THETA(M)=-1.570?9632
2060 M=-
2070 INT=-1
2080 Dlu rp=o.o
2090 DO0 91 J~l ,10
2100 91 AP(J)=0.0
2110 FAC~bW.1H(1)*21.

2120 IF(FAC) 86,92,8
21130 92 SIGHA=-1.0
2140 GO fO 65
2150 86 SIGMA=SA(I)/FAC
21160 65 WRITE(6,100) I,AN(1,1.,AN(I.2),AN(I,3).SIGMA
217'0 NN=2
2180 6?1 NN=NN+1

2190 NN2=t4N-2
2200 IF(NN-N) 68,68,21
2210 68 KLK=0
2220 35 1KLI'=KLI.<+1
223 E[F(KLK-20) 55,55,56
2240 -6 URIT(6,101) I
2250 IF(NN-N) 67,10,10
Z,60 55 IF(INT) 1.1,2
22-70 2 D0 29 J=1,NN2l

2280 U=J+'2
22290 UJ=( -1. ).*( J+2)
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2CC DO 29 jJ INN2

330 ~sum ,.
3 40 P0 30 .jjz AM

2 350 HI:THtIA

:30 1pHj3~ 3.. *1j H I

238o Lt-COSTHI'

.240c L2zCOSl H 3

4 10 '.) I IN H 1

- 4 4 10 S u mSUM, 2 L 1 3 + 3 O

_A.'0 b I jN TI iE~

'480 [10 2.6 J~l *NN2
2490 

U +Jou OJz( -1.)O~j3

215210 DO 2?1 JJ:2MM
-530 THI=rHE1A(JJI
2540 TH2=k3.-2.otU1THI
2550 ( C1=COSkTHl~
2560 C2=COkIH2)

2 57 0 S 1 =S I N( IHI
2580 S2=SIN( TH2)
2590 27 'JM=SUM + X-: J (I #C1 L I L-C__,
21600 1 ( YMS(I JJ) - H(I)*S1) t(Jfl 2

_,61 0 26 A NU (JI ) =SUMi
_6120 CALL DEC0MF(NN12,25,BsIF)

260 CALL 5OLVE(r4N2,15,bSANJ,1:')
2640 52 DO 59 J=I ,NNH2
26 50 59 AN'1,J+2)=ANU(Jfl
2660 1 SUm1:0.o
2670 S Um')=0 . j

.2680 (10 200 J=3,NN
)6?0 Vi . - -1 'tt

, 700 V)271 . +( - 1 .f*
"I1u SUM1=SUMI1+Vl*AN(1,J)
)720 200 'Um2 3UM2+V'*AN(I. J

:70 AN'1,1=0. i*( I +H([-SUM 1

)?40AN(1 2)=O 'Jt~ (I)- (I)-UM_1

a' ~ ___________60



2,'50 CALL AIHETA( 1,NN,MM, IBTH,N)
2760 IF(IBIH) 21,21.4
2770 4 DUT=0.0
2780 DO 32 J=1 M
27q0 SUM1=0.0
2800 SUM2)=0.0
2810 DO 33 JJ=1,NN

2830 A~z3.-2.F'J).IHTA(J)
2840 SUM1=SUMl+AN(IJJ) COS(ARG)
,850 33 SUf2=SUM2+AN(I,JJ. 6IN(ARG)
28 60 32 D UT =TU T + (X MS (I ,JISU M1)*2 + YMS(IJ)-SUM 2)*2

:873 IUI'IUT-t'UTF'
'2880 1 F I) T 878 .19
2890 , -8 INT~l
2 9 00 WRITE(6,110) lUT,(AN(I,J),J=1,NN)
2910 DO 3 J= I , NN
-920 3 AI-(J)=AN(I,J)
'2930 DUTF'ZDUT
2940 GO TO 67
2950 79 IF(TU') 88,88,8?
2960 8? DO 89 Jz1,NN
,970 89 AN(1,J)=AP(J)
2980 WRDI6Yf UT
29 0 90 FORMATI(25 H FIT 15 GOING BAD I£10142.5)

3000 GO TO 67
3010 88 IF(ABS(TUD)-rOL) 69,69?,66
3020 69 WRITE(6,110) DUT.(AN(I,J),J=1,NN)
3030 DO 77 J=1.NN
204 0 7 7 AP(J)=AN(I,J
3050 DUTP:=D1JT
3060 190 TO V
3070 68 DU rP=rUT
3080 URIIE(6,110) DU,(AN(I,J),Jz1.NN)
'S090 DO 76 J=1,NN
.5100 7 6 A F(J )=A N( I ,J
.3110 GO TO 35
.3120 21 URITE(8,111L kAN(I,J),J~lN)
3130 ill FORliAT(7F1O.5j
3140 10 CONTINUE
3150 510 RE T UR1'N
3160 END
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317 SUBROUTINE ATHETA(I,NN,MM,IBTN,N)
3180 COMMION fAil XMS(50,50),YMS(50,50)
3190 COMMON /A2l/ AN(50,10)

3200 COMMON /A9./ THEIA(50)
3 210 IBTH=1
3220 ,ltz1+ 1
3230 KMM=1000
3240 UfE1=0.014533
3250 DO 11 J=2,MM
3260 THETA(J)=THEIA(J-1)
3270 OMEG=THETA(J-1)
3280 DTHiE=(OMEG-OAE1)/1O.
3290 jjj=-1
3300 KIK=
-)310 LLL= 1
532V 23 SUMl~0.o
-%330 SUM240.0
334u I KX KK Q+ 1

3350 1I0 15 L=l,NN

3370 (,G(3.-2".*PN):tTHETA(J.
3380 SUM1= SUMl +AN(IL)*COS(ARG)
3390 15 SUM2=SUM2+AN(I,L)*'o1N(ARG)
5400 DU=(XMS(I,J)-SUM1)**-:2+(YMS(I.J)-SUM2-)4 K

IF(JJJ) 12,13.14
34210 12 DU1=Du

,)430 JJJ=O
'1440 bO 11) 16

3460 18 IU1=DU
i 4 70 GO TO 16
3480 1/ JJJ:1
5490 [lu 1 =flu
3s500 GO T0 16
3510 14 IF(DU-DU1) 20.19.19

3J520 20 D U I fu
3530 16 1IF (KKdK-3MM) 21 ,21.3V
540 211 THETA(J)=rHETA(J)+JO1HE
~50 GO TO 23
35j6) 3? "1 1fH'1
3570l WIRITE(6,41 I.J

3580 4 FORMAT'16H BAf' THETA AT 1=12.3H J=12//)
3590 GO TO 10
:600 19 IF(LLL-3) 24,25.25
3610 2 4 THE TA(,J,:1HE TA(J) -2. 0 THE
3,5 ,0 DTHE-FI1HE/lO.
3630 JJJ=-l
3640 KKK=1

3bil.', LLL-LLL+l
366tu GO TO 23
'it)0 .,j TH[T(J)THETA(J-THE
3 680 0ME1=OMEG
36QO 11 LONTINIJE
s,700 10 RE TUR'N
3 10 END 62



3720 SUBROUTINE POLY(KB,KE,N,KPK)
3730 COMMON /A2/ AN(50,10)
3740 COMMON /A3/ BN(25,10)
3750 COMMON /A4/ BS(25,25)
3760 COMMON /A6/ IFS(50)
3770 COMMON /BI/ S(50)
3780 COMMON /T33/ B(50O),H(50),SA(50)
3?90 DIMENSION IF(25),VE(25)
3800 INT=0

3810 DO 12 1-=I., ,KE
3820 IS=11FS(I)
.3830 GO TO (12,13,13,28,28,4 ),IS

380 28 INI=INT+2
3850 (3O TO 12
3860 13 lNf=INI+l
381-1 GO00 TO12
3880 45 INT=INT*3
3890 12 CONTINUE
3900 MP=KPK+INT
3910 KPK'l:=KPK+1
3920 LRITE(6,80) MP.KPK,INT
3930 80 FORMAT(//4AH MP=15,5H KPK-15,'JH INT=15/)
3940 DO 27', I=I,MF
3950 Do 211 J=1,MP
3960 27 B(i1,J)=0.0
3970 DO0 1 iPI ,N
3980 LW 1 L::2,0%I
3990 jI:= I.- 1
4000 SUM=0.0
4010 DO ? J=RB,t,E

4020 IS7IFS(J)
4030 GO( TO 3,2,3,2,3,2),IS
4040 3 SUh=SUM+(S(J)**JI)*AN(J.1I)I

4060 1 BN(I,II)SUM
41j70 10, 7 11=1,N
4080 E(,I~.
4090 DO "I J=[(,BlL

4100 6S=I-TO~
4110 GO5 525,., 1

4130 " CONTINUE
4140 110 4 1I,= I ,N
4150 .1=KPl
4160 DiO 4 J:=KBKE
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4 170 IS=IFS(J)
4180 GO TO (4,6,46,29,47,48),IS
4190 29 DN(1,II)=AN(J,II)
4200 BN(I+1,II)=0.0
4210 I=1+2
4220 GO TO 4

4230 46 Es(I,1)0.0O
42140 1:1+1
4250 GO TO 4

4260 4?1 BN(I.Ii)=O.0
4270 BN(I *1,l11:0.0
4 28 0 1II+')

4290 GO TO 4
4300 48 DN(III)=AN(J,II)
4310 I=I+1

4320 GO TO 47
4330 6 BN(I,II)=AN(J,II)
4340 I~
4350 4 CONTINUE
4360 WRITE(6,71)
4 37 0 DO 70 II=1,N

4380 70 URITE(6.71) (BN(I,II),I=1.MF')

43?v -,1 FORMAT (//19H THE VECTORS BN1)

4400 721 FORMAT (12F10.5)
4 410 0O 8 Ilzd(K
4420 DO 8 J=l.KPV
4430 ,u M0 .

4440 IJ:=+J-2)

4 45 0 DO 9 fi=I(,I<%E
4460 lS:IF5(M)
4470 Go rO (10,9,10,9.10,9),IS

4480 10OIF(IJ) 11,14.11

4490 14 IF(S(tl)) 11,15,11

4500 15 SUM:sumf1 .0
4510 6O TO 9

4520 11 3UM=IUm+s(M)**IJ
4530 9 CONTINUE
4540 8 B8S(I,J)=SUM
4550 L=KPI
45j60 DO 30 J=KB,KE

4570 13=1F9(j)

4'jBO GO TO (30,31,49,32,50,51),15
4590 31 DS(1.L)=1.0

4600 L=LfI
4610 GO TO 30

64



4620 49 BS(1,L)=0.0
4630 L=L+l
4',40 G0 T0 30
4650 50 BS(l,L)=0.0
4660 BS(1,L+l)0O.0
4670 L=L+2
4680 GO TO 30
4690 51 BS(1,L)=1.0
4700 L=L+l
4710 GO TO 50

*47120 32 BS(1.L)=1.0
4730 BS(1,L+fl=0.0
4740 L=L-+2
4750 30 CONTINUE
4760 DO 16 I=2,I<FI
-4'7 70 L=KPKI
4780 I1=1-1
4790 DO 17 J=KB,KE
4800 IS4IFS(J)
4810 GO TO M( 1?,18,52,33,55,59),IS
4820 18 BS(I,L)=S(J)**I1

4830 L=L+l
4840 GO TO 17
4850 52 12=11-1
4860 IF(12) 53,5j4,5j3
4870 54 BS(I.L)=1.0
4880 1--L+1
4890 GO TO 1?'

4900 53 A1=11
4910 BS(1,L)=A1*fS(J)**1I2
4920 L=L+l

4930 GO TO 17
4940 55 12=I11

4960 IF(I.3) 56,57,58

4970 56 BS(I.L)1I.0
4980 B'3(I,L+1)=0.0

4990 L=L+2
5000 GO To 17

5010 5 7 A11I I
5020 BS(1.L)=AI1*S(J)

5030 BS(I,LM1=2.0
5040 L=L42

5050 GU TO 1,'

5060 58 AI1I11
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5070 A12=12
5080 BS(I,L)=AI1*S(J)**12

5090 BS(I,L+1)=A11*A12*SIJ)**I3
5100 L=L+2
511 GO T 1,7
A20 59 BS(1,L)=S(J)$*I1
5130 1=L+l
5140 GO TO 55
IJI So 33 BS( 1 =(J*11
5160 12=11-1

Ii1710 IF(12.J 34,35,34
5180 35 BS(1,L+1) 1.0
5190 GO TO 36
J200 34 AI~ll

210 BS,'I.L+1 )=AI*S(J)$*12?
2 20 36 L L+2

5230 1. CONTINUE
5i2 -) 1.6 CONTINUE
5 250 L=KPK1
5260 DO0 19 J=KB,I<E
52/0 IS:=IF S(J)
,-)"80 6010 (19,20,60,37.62,65).IS
5J29o 20 DO 21 I=2,KFK
1,300 11= I- t
'A310 21 BS ( L, I ) (J)**I I
53 20 L=L+1

ti330 GO TO 19
j340v 60 BE(L.2)=1.0
5350 DO 61 I:3.KP(

A360 AI=I - I
'J"10 12:=I-2
J380 61 BS(L,I)-AI~f-S(J)*:tlI2
5390 L=L+l
'5400 GO TO) 19
5410 6.' BS(L,.2)=1.0
'j4 20 BS(L+1.2v'0.0
'430 DO 63 I:=3.I<Pt

5450 1=-
--460 635 B'O(L,I)=AAIvS(J)*fi2
54,"0 L1:L+l

5480 FBS(Ll,3)=2.0
54 90 DO 64 I=4,IF'K

*-~51 uA12- 1 -2
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5520 13=I-3

5530 64 BS(LII)=AI1*A
I2*S(J)*vI

3

5540 L=L+2

5550 GO TO 19

5560 65 DO 66 I=2,KPK

5570 11I-I
5580 66 BS(L,I)=S(J)*OII

5590 L=L+I

5600 GO TO 62
5610 37 DO 44 I=2,1PK
5620 11I-I
5630 EStL,I)= StJ)**I1

5640 12=I1-1

5650 IF(12) 38,39,38

j660 39 BS(L+1,I) =1.O

5670 GO TO 44
:60 33 AI=Il

'690 (L ,I AI S J * 2

7 0 0 44 CONTINUE
5710 40 L =L +2
)?20 19 CONTINUE

'V30 L=KPKi

5740 110 41 J=Kb,KE
J5O IS=IFS(J)

57o0 GO TO (41.42,6,43,68,69),IS

5770 43 BS(L,1)=I.O
570 BS (L+ I,1)=O.Q

5790 L=L+2

58u0 GO TO 41

581) 67 BS(L,1)=U.O

5820 L-L+1
'J830 GO TO 41

5840 68 BS(L.)'O.0
5850 BS(L+,I1)=0.0

5860 L=L+2

5870 GO TO 41

5880 69 BS(L.1)-1.0
5890 LL+1
5900 GO TO 68

5910 42 BS(L,I)=1.0

5920 L=L+1

95930 41 CONTINUE5940 URIII(6,73)

5950 73 FORMAT (//8H THE MATRIX BS ,/)

59o00 DO -4 J=I,MP
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J9,70 74 WRITE (6,72) (BS(J,D),I=1.MP)
5980 CALL DECOMP(MP,25,BS,IP)
5990 DO 213 I=1,N
6000 00 24 J=1 ,MP
6010 VE(J)=BN(J,I)
6020 24 CONTINUE
6030 CALL SOLVE(MP,2'5,BS.VE,IP)
,s040 DO 25 J=1,MP
.5050 BN(J,I)=VEkj)

.0u 25 CONTINUE

,u 0 23 CONTINUE
)080 26 RETfURN
io90 END

68



6100 SUBROUTINE OUTPUT(KB,KE,M,KPK,BL)
6110 COMMON /A1i XMS(50,5O),YMS(50,50)
6120 COMMON /A2/ AN(50,10)
6130 COMMON /A3/ BN(25,10)
6140 COMMON /A5/ KT(5O)
6150 COMMON /AS/ TITLE(12)
6160 COMMON /B1/ S(50)
61-,0 COMMON /B3/ B(50),H(50),SA(50)
6180 IF(I(PK.LE.1) GO TO 13
6190 WRITE(6,70)
6200 70 FORMAT(//30H THE POLYNOMIAL COEFFICIENTS//)
6210 DO 71 J= , N
6220 IF(KPK--10) 72, 273
6230 72, WRITE(6,24) J, (BN(I,J),I1l,KPK)
6240 GO TO 71
6260 73URITE(6,74) J (BN(I,J),I=,PK)
6260 73 RITE(6,75) J, N(I,J),11.1)
62-70 71 CONTINUE
6280 74 FORMAT (411 J =, 12, 10F1O.5)
6290 75 FORMAT(IOH ,1O1.5)

6300 1l1 FORMAT(7F10.5)
6310 DO 80 I=1,KE
6320 80 URITE(8,111) (AN(I,J),J=1,N)
6330 13 DO 1 I=KB.KE
6340 IF(KPK.LE.1) GO Y0 11

6350 ST=S(I)
6360 URITE(6,7?) I,ST
6370 7 FORiIAT(//26H x Y,12H S(12,2H)=
6380 1F6.4/)
6390 DO 2 J=1,N
6400 SUM=0.0
6410 DO 3 11=2,K~PK
6420 1111I-1
6430 3 SUM=SUf1+BN(I,J)*ST**I1
6440 2 AN(I.J)='aUN+BN(1,J)
6 45 0 11 TH=0.0.3491
6460 DO 4 L:=1 ,46
64,10 X-4.0
6481, Y=0.0
6490 TH=TH-0.03491

6500 DO 5 J=1,N
6510 AJ=z3-2:oJ
6520 X=X+AN(I,J)*COS(AJ*INH)
6b30 5 Y=Y4AN(I,J)*SIN(AJ*TH)
6540 4 WRITE(6,6) x.Y
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6550 6 F0RMAT(F20.5,Fl0.5)
6560 1 CONTINUE

65,10 IF(NPK.6T.1) GO TO 121
,)580 RETURN
65v0 12 WR11E(6,8)
0600 3 FORMAT(//IH AN(I,J)/)i
6610 DO 9 I=KB.KE
e)620 9 URITE(6,10) (ANII,J),J=1,N)
6630 10 FOkMAT(F20.5,9F10.5)

6640 DO 76 J=I.N

6660 RETURN

)b~o END
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6680 SUBROUTINE DECOMP(N,NDIM,A,IP)
6690
6700 C SUBROUTINE DECOMP GAUSSIAN REDUCTION OF A TO TRIANGULAR FORM

60710 C N NUMBER OF NON ZERO ROWS IN A
6 730 C NDIM DIMENSION OF A
6740 C A MATRIX TO BE REDUCED
050 IP NUMBER OF ROW BEING PIVIOTED WITH K ROW

6,170 IMENSION A(NDIh,NDIK) ,IP(NvIM)
6780 IP(N)=1
67"90 DOU 6 K=1,N
6800 IF(K.EO.N) 6O TO 5
6810 KPI1,',+ I

4)830 DO 1 I:=KF'1,N
6840 IF(ABS(A(I.Kn,).GT.ABS(A(M.1K1))) M=I
6850 1 CONTINUE
6860 IP(Fw)=M
b870 IF(M.NE.YC) IP(N)=-IF'(N)
6880 TtA(M,K)
,)890 A(M,V<)=A(K,K)
6900 mKI'=
o91 IF(T.EO.) GO TO 5
0920 DO 2 I=KPI,N
6930 2A(I,K)=-A(I,I<)/T
o940 DO 4 J=KPl *N
'5950 I=A(M,J)
iY60 A (M ,J):=A(K ,J)
690 A( K , J):=T

6980 IF(T.EU.0.) GO TO 4
0590 DO 3 Iz=KPI,N

'00 3 A ( IJ) 1A( I ,J)+AtI , K)*I
1010 4 CONTINUE
1-020 - IF(A(l,X).Ctl.0.) IP(N):z0V 30 6 CONTINUE

,104u RETURN
10,Jo END
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7060 SUBROUTINE SOLVE(N,NDIM,A,B,IP)
70'70 DIMENSION A(NDIft,NDIM),B(NDIM),IP(DIeM)
7080 IF(W.EQ.1) GO T0 9

' 7090 NMI=N-1
2 7100 DO 7 K=1,NM1
,7110 KP1=K+l

17130 T=B(M)
)140 B(M)=B(K)

,160 DO 7 I=KPI,N

27180 DO 8 KB=1.NM1

7230 DO B I=1,KMI
,7240 8 B(I)9B(1) +A(I,K)*kT
7250 9
i7260 RTR
270 END
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#FILE (CHXL)TBL18 ON DTNSRDC
100 FILE 5(KIND=REMOTE,MAXRECSIZE=212)
110 FILE 6(KIND=PRINiER,MAXRECSIZE=132)
120 FILE 8tTITLE="BNSAL",KIND=DISK,FILETYPE=,)
130 FILE 9(KIND=REMOTE,MAXRECSIZE=22)
140 FILE 10(TITLE="TBLINP",KIND=DISK,FILETYPE=7)
150 FILE 11(ITLE=TLSAE,KIND=ISK,PRQECTION=SAVEMAXREC3IZE=22, 1
160 $RESET FREE
1110 COMMON / /TITLEH12)
180 COMMON /,A/[fH(50),HB(50Tlim 5,ErB'"0),Tcik10.
190 1 RS(50),RTH((fl ,Ri('J0),CFF(50),XX(50),Yy(50o)
-100 COMMON /B2/ THNB(50),DTHS0),DGS50O)DTNS50).JSR'50
2110 COMMON /U/AN(10),ANF(10),ANPP(1OCN(10),CNF'(10).GNM 1' ,CNPF'( 10).
220 IPAC
230 COMMON /G/BN(25,10),UK(50),DK(-O),TM(50),TMO
'40 COMMON / YTITL(3)
250 COMMON /SAVE/GRU(50)
260 00 120 .1=I ,2 '
270 ['0 120 J=1,10
180 10 BN(.[,J)=0.O

290 REA1'(891) tfITLE(j),J~l.l12)
300 WRITE(9,1) (TITLE(J),J=1,12)
310 READ1(8,405 )N,I-'PK,
320 WRITE V.405 ),<-
330 DO0 13 .:1N

350 URITE(9,3) ( BN(I,J),I1,<Pl-)
i60 1 - CONTINUE

31-0 URITEU(i,414)
380 WRITE(9,415)
390 WRITE(9.416)
400 WRITE(?.41.7)
410 WRITE(9.418)
'120 iE,'Ab',412) NINPI

430 GOTO (301,302,303) NINI:T
440 301 URITE(9.4191
450 Slop
460 302 WRIrE(9.400)
4?0 RlF-ADc5,401 1 Ut)
180) WR I I[E(' o l 1)
490 URIrh 9,402)
J00 Rt AeI-, 40 1 ) L

'.,10 WRIfE(9,401) KL
10O WRITE?,409)

~30 READ(5,405) NS fAT
~40 WJRIIE(9.405) NSTATr
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550 LRITE(9,410)
560 RL.AD(5J,3) S1,S12
.§70 WRITE(9,3) Sl,S2
580 URITE(9,404)
590 READ(5,405) NTH
600 uRI'rE(9,405) NTH
610 WRI(E(9,411)
620 READ(5,401 ) ( 1IH(I). ~,I~NfH)
63U IRITE(9,401) (TIH(I),11I.NTH)
~40 WRITE(9,403)

6 '0 DO 2900 IN=l,NTH
660 READ(5,406) HIU IN) .IHMB(IN) ,BE18(IN)
670 WRITE(9.406) HB(IN) ,THMB(IN) .BEIB(IN)

680 200 CONTINUE
' 9 0 WRITE ( 9 ,40?)
700 READ 15.6) RE
'0 WRITE(9,6) RE

'20 WRIrTE( 11,401) UO
'3 0 UR I IE (11,401) BL
.'40 WRIrE(11,40-5) NSTAf
250 WRITE(1I,3) Sl,S2
60 URITE(11.405) NIH

280 DO 201 1N=1,NrH
90 WURI rE ( 1 1,40 6) li8) IN * f HMB IN) BE1TB I N)

800 201 CONTINUE
;,10 WRIrE(ll ,6. RE
820 GO rO 304
830 303 READ(10,401 ) UO
840 READ(10,401 I BL
850 REAI'(10.405) NSlAf
860 READ 10 .3) Sl ,S'2
8!' ( R EAll(10,405) rFIH

880 R E Ali 1-.4()l (TTH(I',[=1,NTH)
890 D'0 202 IN=1 .NTH
900 REAL'UIO.406) HiINTHMBIN).ETkIN)

?10 02 CONTINUE
i20 kEW 10,6 kE
, 304 WR If E 6 I 0

e 4 )1 ,1 1 E ( 6 , 1 1 1 N-P I> ! B

60 ~ IR E(6.1 13) N[HA.rJ:TA1
00 R 'E6.12) S1,S2

DO 12 J-i
990 12 1 UR I It .-t11 1 BN ( I , J 1 I *P



1000 DO 21 1=1,KPK
1010 DO 21 J=1.N
1020 21 EN(I,J)=E;L*BN(I,J)
1030 DO 50 1=1 ,NTH

040 DTA(I)=0.0
1050 50 CONTINUE
1060 PtO 14 .[=I NTI

1090 14 THNB(I)=THNF1 Ii*E*BETtI()
1100 20 WRITE(6,8)
1110 URITE(6,1) (rIrLE(J),J=j.12))
1120 RNzRE/2.
1130 Nl=N5TAI+l
1 140 LIS ( S2-S I )/NSTAT
1 1510 ST =S 1-LIS
1 16 CALL GLUG(N,KF'K)
I1 10 DO 7 JJ~1,N1
1180o ST=STfDS
1 190 CALL U(3H(ST,N,ILP,FAC.,FALP.IENDS),
1200 WRITE(6,27) JJ.S!
1"10 CALL AO3H(I:ACFACPN,NtH,JJ,DS,RN.S1)

Z20 2CONTINUE

1 23 0 100 CONT.[NUE
124 0 '3101-
125 j).o LR1(".41 3)
250 b I OF
220 I F0RMATU2'A6

i*180 2 FORMAI(210.2F10.5)
1 290 3 F ORMA )f 10 .'
1300 L, FORMAT(2I110,2F10.5)

1,0 6 FORMAT(F20.1)
320 8 F lk A T ( 114 )

1 3 3 9 FOk M AT (,F 10. 8
1 4,j 1 2 Ft3RMAT(5H SV110.5, 411 S','=F 10. 5)

3 .", - FORMAT(//12H Skl3,.2H1:=F8.4)
1160 110 FOF<MAT(/,H INPUT/)
13i'J) t I FORMIAT (4H1 N=13,5H KP!I'13.qH£t11 2,
I A8 2 I 12FORMATW"kl L.5j,'X))
1 390 1 1 5 RM 1(611 N IIPI5 , H NS I AIT 15)

J,10 1 F0R AT 1 IHI )
4 11 4 00 F 0 kilAT 20H UO= I11:10. 5
4 401 FORMAT(IF1O.5)

1 430 4 u - FOR<MAI(2011 BL- 1F1O.5
1440 403 FORMAT(38H HB THMB BLTt 31-10.5
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14',0 404 FORKAT(15H NTH= 115
146,0 405 FORMAT(215)
1i4 '0 406 FORMA f(3F 10.5)
1 4 40' F 0111'M A7( 24H R E m 1F20. I

1490 408 FORMAT(4H RE=)

1 00 40Y F OiMv',I ( -4H Ns TAT= 115
I510 41 0 FORMAT(3OH Si S52 7 F I Q
1520 411 FORMAT2SH TIH= 1FIO.5
1'3,j 412 FORMAT(1I1)
!540 41 3 FORMAl '-25H END OF FILE REACHED
1 11 ) - 41 4 FORMAT (38H NINPT DENOTES THE TYFL UF INPUT
I560 41j I 0kHAT(23H NINPTl1 CAR<D EhAIA

50 416 FOhMAI\?3H 21 RErIOTE
15- 41 FORrMAT(23H 3 STORED' DATA I
11m. 418 FORMAT( iS1H NiNFT i1l

4 F&~mAT (43H PROIOE RFAL S FITEMENT FO3R CARD'3 Al 301
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~U4OI INE AbH (FAC, F C-, N ,NTIAJ J[', 1,N.'-)
COMMON /A/[1H(50).JAB(10) THJMi 5) P ET 50 .I fA 5(

COMMON /B 2 / T H NB 1 TH 51.,N :
OMMrjOfN /U /AN( 10 ANFdO) 10 ANI' 101 LN t.~~- I uj.G41

'UtMMBN /SAJE/GRUH5O)

li I ME NS5IOuN IF'F(0) H H 0I K IHC5 K

DiIMENSION RAD050)
iiI[IMENb).[DN CFL-(~'.-'OCFWL 3Uv CFBL (50 [',-L'9 !QN!

DO I 1=I.NTN
1740 IH=TTH(I)

i'Yo )UM2-=O.O

1800 SUK4=0.0
1 810 131115-0O.O
18 20 SU M60. 0

1830 :IJM80.0
1 01) 3U1J98=0.0

1 8 UM9=0~.0
1860 M0=.

1 1690 SUti13 =0 .0
1900 SUM14=Ci.O
910 S;Ut15=0.0

9i2 0 SUM I ,l=,). O-

930 1U ri18 =0. 0

I01 S , UlI4L4VIH
11S0 M1- 4ANJ*S3

4 SU3. -C I I ' (J £

5,Um3=SUm3+,INF' (,) CS4
SUM4 laUM4+,,iNF,( J)*SS4
"IIM53JM,(L4# 12)tANJ) CS4
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"0'0 .3Um6=StJM L44 tAN ~J fS4
2u80 SUm,' .-U-4tAN(J)mSS4

2 09Q0 SUf8=SUM8+C4-tANP(J):fCS4
21100 SUM19=SUM19+ANFF(JCS4~

2110 SUflM2(mQ+AFFI(J)6S4
=A+AN(J)t-CS4

21 30 23 Y.*iNIJ*SS4
140 [10 2, J=2Nr

70 CS2:)COS[2CTH
"180 SUM9=SUN9+CNMJ)*SS2
1 90 SUMI 0 SUn 0 C N 1,J CS 2

20 0 ~ UM II 'U I I+ C 21,C J ~C S2
22 10 SUM1 S U M12 -C2 fL N JSS 2

220 SUMI 37S~ml3-CNP(J)*fCS2/C.2
SUM14= SUM 14 -C NJ)CS22

224 0 52 S11M I 5SULM 1+u4FPP (Jir CS- )
2250 SUM-I2=bUn21+GN(J)*SS2)

SUM I '=SUrll"? CN ( J) S2
227 0 25 SUM18=SUM18+CN'(J):CS2-

220 SUM1 0 =-N .I ) +SUM'110
2290 SUM13 =SUM13+FiC+1.0

230 0 SUM31VSUM133U113
2310 SUM14=SU14+FPAC

2 3 20 SUil I 8:=StU1 8-f NP( 1)
-330 UE=SUM1 2.12+SUM., *2
2 3 40 131 DlE2=DE W-)
2350 IE=(SUMJ fsUM2?-SUr16*oUM)*.2:
2360 U=(SUM9*SUMl+SJMlO*SUMl2./DE
2370 V=(SUM9*SUM2l-SUMl10-SUM1 )/III:

,'80 U=SUM13-U:#SUM3-Vf:SUM4-1.0
.1390 DN8suml UwSlJ SM2*5UMB
420 US= +-sUM1 8 'SUII' DU 1ui C't rUMSc3UM11 "*SUM I +SIJ'DJilu~' /

i4 20 VS= (-SUill d*.'IJM1 -SIJM 0:';SUrI?+S-UM1 ?V.3UM2?+SUM3:JMU i') :0k)"i

'43') VzS)=S-2,.ftlv D
'440 WJS=FACF'+Sljr11 )-I - JUM3 U '3UM1 7 ;'i5 lI4+y*3 'UM20.
'4,10 [TS2 *IM
A ' S 0 IM I 1 MSM U lM:''3IJ M 6

-,UTH= (SiJr 13 UMbf -;~ *SUM 1+133M1 1 4Ij ~ IJ 1 FSUMI 'I ilS 1,

.'4 8 U TH =JT H -2. I PM iU /11E
P 9I)H -SlI ~2*4SIJM 1I,10 b fll tSJ'15 -3Uml1 f SljM24L.l-, I~M # [

V r Hz,) T H - 1, Vl ; [I E
1 A I1T S U M3 JIJ )UM," -VITHv*3U 4 4 SLIM 8
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~30 HX=StJh3fDTDS:0SUM1
_40 HY=SUM4+D'TDS~SU12

2550 PHIhl):SUM14
25 60 IRAD ( I)(SUM5 *SUM-':**2 -SUM6:tSUM I*SUM21):*2+SUM6;vUM li*2 ~~
11.J70 1*SUM1*SUM2)**2
2580 RAD(fl=SORT(RAI(1))

60 0 uS sU u~. f-V * Q)+'_. OlU+ 1 .0
,10 P=-USS+1 .0

)620o F'N=G 1;(UifurH+V*VTH~fUT1A
2630 GR2:=PNJ!USS

j3~
,50 P'S(I )=FS/USS
'6 6 0 3 5 IJSS AR T (USS.
6u 2'j 00 fHH( I ):TH

-6bO F=-SUM~9/SUM13
0690 FS:=-5-UM17/SUM13+SUM9(FACP+SU'J)/SUM31

27100 FT=-SUM11/SUM13+SU19.3:'UMI7/SUM.31
0 GX=F4SUM3+bUr11
2720 GT:=:tA.UM4+SUM 2

._7,40 HH=r4X*tX+HY *Hf+1 .0
'u HH=SORT(HH)
61 lXP=F-: (S"Uil?* 1FSl'j,1311-S+SUM2 ,*'+FSUMI+SU~i.3*FT i3llajmt

GlF'=F.,FS+FT
* RG=( GX*GXPf~y Oi:GY+F.,:GZI,)/GG

,I 0 Y cIi (H x isG XP- G.0 R) fHy 11Y, G -G i R 6 (GJ -'F* P3j G); 1 60IH

FF1 10T11 3

DT2 I) I -C

~ I IN1 L 6 32.
2') PI f L,31 1 H 11 1 ,X X I , f P P' I) ,FTS I H .H I) R I

1 IC K I I C 1 I,PHI(1),I=l .NTH.
IF(JJ.EQ.1') Gu 10 3

.130 L10 4 I-1 .NTH
i4j ,L( I ) + ( PHI1 ( I) -GRIJ( I AUSI ilI)

Gr1 .535'1((HBI I0 7O? 11 -27~ 3
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'19,10 3Gb~itJ( 1)#DGS(I)
-1960 THN8(I)zfHNB(I)+GRU(I)*DTNS(I)
2990 IF(G.LE.3.3) GO TO 501
3000 HB(Ih=(1.'53'/(G-,3.3))**0O.3646+0.2'
3010 H=HB(I)
.3020
3030 BETB( I )=1.*THiNB(I)/(THMB(I)* E)
3040 4 CONTINUE
3050 3 DO 2 I11NTH
3060 i=HB( I )
30710 fHM=THMB(I)
3080 EBET=BETB.I)
3090 USO-'ISR(I)
'3100 PSo*PPs( I

"31 0 UK, '1mKK2( I
.3130 CALL ELAY(RN,USO,F30,CKI~,C(12.H TH1M BET. CF 11 Ili.DG. 111N TH1f
3140 RTH(I'I=RN*IUSO*THM

"o RD(I)=RTH(I)*H
,)160 DTIA (I ):H*TH MB ( I

.31-10 CFL(I):=2000.*CF
3180 CF=CFL(lD
i3190 'ALL FLF i UM I SUM2,SUM3,SUM4 1ID0S BE I CF CI:4W iF, -3
Q200 CFUL(I) FrJi.
s 210 CFBL(I~zCFBB
1:20 c.S. (I =C131
5230 G RU ( . 1: 111( .
3240 TTH( I)+TTH( I)+f1S*HH-2(1)
3250 Li TH 5( I )E 1f-1
3260 DG 5( [' 06G
3270 i4 M

2 0 2 LN V1 N UF
3290 WRI I I (6, 4 0) Jj,':
3300 LWF1fE(6,W4

3310 wR I [I-'( 6, 3) 111? k i HMB( I) DTA IB I) B * 8I) .CF1(I) R, I) *R IH 1I
3320 1&L-,WI).CFBL(Ii,CSL' [).I=1.NTH)
3330 RETURN
3340 501 wRITE-'Y,406)

,350 UP I E (?,407 ) G
Z -5 5 5UR.ITIL'(9,40V.J J , f

3360 SToF
3320 31 IRA i 6F~1I 12..E.1-I ..5I:2)

-0 kAT /1 '01- T H x
3390 1 PSI EIT 11 R2 PHi
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3410 34 FORMAT(/119H H TH DE Ft !A
3420 1 CF RS RTH CFU CF.
430 2/)

3440 35 FORMAT(5F12.5,1H ,El1.4,1H ,E11.4,lH .3F12.5)
3450 40 FORMAT(//25H BOUNDARY LAYER AT S(I3,2H)=F8.4)
4j5 405 FORMAT(19H FAILED AT STA NO =,114,3H S=,11:8.5)
40 406 FORMAT(46H 6 IS LESS THAN 3.3 CANNOT CONTINUI- IN ACH
A<4' 407 FORMAT(3H G=,1E15.5)
4 80 END
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3490 SUB3ROUTINE FLAY(RNUSa,PSO,CKOI ,CKO2,H,THM,BET,CF,DTH,DiG,t'TNIHN)
3500 0=1 .535*((H-0.?)**(-2.715))+3.3
3510- F=0.0306s (0G-3. )**(-0.653))
3520 THN2=THN**2
3530 Rr=RN*SO~trHM
3540 C=ALOG(RT)
3550 C2=C*C
3560 C3=C2:*C
3570 A=O.019'52-1-0 .386"768*CtO.028)345-J*C2.-0.000'01*C3
3580 B=0.191'511-0.834891*C+0.062?588tt-O.0019'53K'3
3590 CF=0.5*EXP(A*H+B)
3600 20 DTH=CF+fTIIM*(CF(O1-(2.4H)!tFSU)
3610 DG=F/THM+G'I(CKOI FSC "-DTH,THM)
3620 DTN=BET*CF+2'. TIAN*(CK 01 -PSO) -THM*(1 +1) *CKO2

,3640 END
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3650 SUBROUT INE FCF (SUMIlSUM2,SUJM3,SUM4,DTDS BETCF ,Ct-UWF~h
3660 X2=SUMI*SUMI+SUfl2*SUM2
3600 Y=SUM1 *SUM4-SUM24SUM3

3690 [=SQRT(X2+Y-))
3700 XNI=SUM2/D
31-10 XN2=-SURh/D
3,720 XN3= Y / 1
37,30 Sl SUtM33Sb I*1iI0

' -50
1 6 Q S2:=SUM 4 +-UM2D TD13

? ;' SI= S 0R f (SI* S I+S 4* S2 1.
il?80 S1=SlISD

'3800 "33=1 . SD
3810 B1S2 N3- N2
3820 B S 83*.XN1 -51 :XN3
0110 B3=Si *XN2 -S2:XNl
384 0 CS I=CLF*(S I +BC T' B
.3850 C$:2CFA ' S2+BET*B))
z P, t)0 C S3 =CF 4: ( S 3 fBE T* B)
.'870 IF (51I2) 1.2. 1
3880 2 I.
3890 Wl31 .0
.3900 i31) TO
.3910 1t1ji.-SL~il IJMV4SUM2
P920 UD=SQRT(JWi.)
3930 U1=W.J/Jll
3940 W3=1./411
3950 3 IF(SlJMI) 4,5,4
3960 5 K-20.
3920 £13.1 o
39R') 6 0 TO 0
i990 4 LiS S'l4S.tI4 UmU
4090 UO:=SQRT 010.D 1 )
4010 1J2=D2/UJI
4020 f13 1 .iUD
4030 6 ulWA41*CSl+Q3*C53
'040 08.D*j41*3
4050 RETUR;N
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4070 SUBROUTINE GLUG(N.rl)
4080 COMMON /G/BN(25,10) ,UK(50) ,DK(50),TM(50),TMO
4090 DIMENSION AMIU10,50)
4100 12="*M.-I
4110 t13=M2-3
4120 DO I I:1,N
4130 [DO 2 J=2,MH2
4140 SUM=O.0
4150 IF(J-M) 3,3,4
4160 3 DO 5 L=1,J
4170 :=L -I
4180 Ll:=J+1-L
4190 5 SUM=SUM+C*kBN(Ll.I)*f'N(L,I)l
4200 GO TO7
42 10 4 Jl =J.+I -M

220 DO 6 L=i ,il
4230 C:L-1
4240 L1=J-f1-L
4250 6 SUM=SUM+C*(BN(Ll,lJ4N(L,Ifl
4280 7 AMN(I,J)=SUM
4270 UK(J)=0.O
4280 2 CONTINUJE
4 290 1 CONTINUE

* 4300 DO 29 J=3.tM2
*4310 J2=J-2-

4320 3ho
4330 DO 30 L=1.J2?

* 4340
4350 -l /
4360 30 sum:SUH+3
437-0 2 9 (1I((j ) SUM

*4380 DO 'o J 2,M2
4390 ~ Sum).O0
4400 DO 9 I=1,N

* ~4410 =-s
4420 9 S5uM=SUM+[>AMl-<1I ,J)
4430 8 DK (J) SIJM
4440 DO .27 L-M:=1 Mr3

4450 SIJM::0.0
4.46V L~o~liA+3
44170 UN1I.
.148c, DO 218 LK:LMMM2
1490 FM:=LI( -LM-2
4500 Xmill KM
4510 UN=- I .*UN
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4520 28 SUM=SUM+DK(LlIO,*(l.+iUN)/XMK
4530 2? TM(LM):SUM
4540 TMO=0.0
4550 DO 10 J=3,M2
4560 AJ:J-2

4580 10 TMO:TMO+DlK(J)if(1.+U),'Aj
4590 RETLV,
.4600 Ert'
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4o10 SUBROUUIINE UGHIS1).N,M,FAC.FACPIENblS)
4 62 0 COMMON /G/BN( 25, 10 ) Uft(50)i, J5OIW50 , fMO
4630 COMIMON /U/ANI 10) ANP( 10)ANPF'k 0) CN(10) CNVf 10) GN( 10) CNF'( 0).
4640 1iPAC
4650 DIMENSION ANPPP(10),SP(5i0)
4660 fl2=2*fl-1

46,10 M3=M2-3
4680 ElF, 1 )=I .0
-1690 LiO 11 L=2,M2
200 1I1 SP(L)=(3P(L-1 )*Sf

41710 DJO 12 'IJ=1 N
4220 oN(J.=0.0
4-130 ANFP(J)0O.O
42'4 0 ANPF'( J)=O. 0
4750 ANPF'I (J)=O. 0
4760 DO 13 L~l ,M
477-10 13 HN (J) iN .J) +BN (LJ)*SP (L
47180 DO 14 L=2,M

4790 (>1- 1
4800 14 ANP(J)=ANP(J)+BN(L.J)*gSP(L-1):*C
4810 DO 15 L=3,M
4820 (:=( L-2 ):'-(L- I
483o 15 ANFP(J)=ANIE'F'J)+BN(L.J )sSF(L-2-)*zC
4840 D10 22 L=4, M
4R50 C>(L-3)*0l-)*L1
4860 2 2 A NPPP(J) ANPFPJ )+C* BN(L, J) *S:(L -3)
4870 12 CONTINUE
4880 GN(I )m0.0
4390 GN ( ) 0. 0
4900 C(:NP (I ) =0 .
4910 CNPFW:0O.0
492-3 DO 16 L=1.N

4930 C=3-2sL
4940 CNk1;-CN'1~fANlF(L'*ANIl_*C

'9~UC NF'F'( (1) rNPF' I + .3. 0*tC .tN'(L I :ANFI, ( L I C*AN 1L)*:ANFF'F', ( L
4 0 1 t CNF'' I )=CNF'( 1 + ANFF1L)*AN(L-)+ANF(L: 2)C
4QO 217 DO 17 J-'.N

4980 CN(Jy)0.Q

4990 -Ni(i ) =0 .0

'C>Do 1i L=1.L U
''130 (- ? l
2,,4, LJ:=J +L- 1

Jr4 0"rN(.JiNF'' LJ)IAN(L) C
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5060 CN P(J)=N~ * :N-( ) AN I' J NI *(L)O q"
'101-10 1+C*AN(L)*ANPPP(LJ)

1)080 18 CNPiJ)=CNF(J)+(ANPP(LJ)* AN(L)+ANP(LJ)*ANP(L )4C
5090 GN(J)=CN(J)
'5100 DO 19 L:J.N
5110 C =3 -"* L
51 20 L J'L -1- J

'I i 30 C N( J)=(N ( J)ANF(LJ ) AN L )'C

.140 L NPP(J? C NPF'J )+ .0 fC*ANF'(L ):ANPF, L
I+ C *ANPP(L )*ANP( LJ)+-C*AN(L 4ANPPPF( L J

51 6 19 C N FJ ) =C NFP(J + (A N PI-kL JjA N L +ANP(L JA N PL) *C
mjlu I,, CONTINUE
'-180 SUMI=0.O
t)190 SUM2-0.0
52"0 0 £D0 20 L:=3,M'
521 0 CL L -2

5230 00 21 L=I,M3
5 2 40 ftL CL

5 250 21 SUih-,-SUJM 2*C L T M(L SP (L.
-J26 ISUM3=0.0

:3270 DO 23 1-:=4 ,M2

15290 2-3 SUM3:SUM3 +CL:#:K 0 ),((L4Sl*( L-3)
5300 SUM4=0.O
5j310 D0 24 1-='2,M3
'-j3 20 "L:=0 ( L -1 )
5330 2 4 13UM4:=SUM4 *,L~;TM:-L ) #SP+( L-I
5340 FS=4.-4. fSlP(3)

J'j B 01-"- 0.5LNP ( 1 A'l 06kP: ,i+ 4 . 4'I, 2.1 t Cr I /I-":)+'6r1i 1 '

,' i, V. AC=BOF +.5C N P( 1 ) ALUG(A(Ffl4.'CN(l)i'( I.. I'N

4' 41 +~ P~F+NF 1 C A0(A~ N) k I.' PIiN 11 iN, 1- S
-40 1 F/ALN F1) - CN 1) F I AN 1 1 G * 0 -

~44 00 26 1 ~ I,

460 110 26 .

Pi C I-N 1 'L 0 N\ B 0BUST-0.5L 1 f) I-j, F'3
40 . J ETUR~N
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100 FILE 5kKIND=REMOTE,MAXRECSIZE=22?)
110 FILE 6(KIND=PRINTER,MAXRECSIZE=132)
120 FILE 7(IL=TLDP"KN=I31,FR[CI=A),AI E:IL--1
130 FILE 8(TITLE="BNSAL',KINU=DISK,FILETYFE=r2
140 FILE 9(KIND=REMOTE,MAXRECSIZE=-22))
150 FILE b0(TITLE='IBL3OINP.RIlN=DISK,FILE~iYPEL=2
160 FILE ll T T E " B S V " K NI lbI'k TC IN S L M X.-C I E 2'
'0 $RESET FREE

180 L PROGRAM TURBULENT BOUNDARY LAYER COORDINATE SYSTEM. BODY
190 C GEOMETRY, AND POTENTIAL
200 COMMON /A2/ DN(25.J10)

10 COMMON 'A 3/ Uk ( 0,DK (5j). IM('0 *I) i-t4 r' t1 kib

22 COMMON /'A4/'AO.Ni0AIHO
230 COMMON /A6/ FfH2.0)
24') COMMON~ /B'/ X- 10O,0.Y100 50) SV 1 00.,CFW20050
250 comOt4r~ TITLE(12),TITL(13)

-18 21BN( LJ) 0 .0
290 lii0 22= I , 50

i 10 [D! 1 )0 .0
3201 22 r( U. 0

.130 Rl ml(13, 1 1F flE J) .J=1 , 1)

360 READ( 8 405 )NlP~~
3?0 W KI I L ?. 4 0':N ,KP K , BL
380 11O 13 J-i ,N
390 R1:A D( 8 ,3 B I1

0W R I T E , . 3)*i).I L-
41' 13 CONTINUE

43 W1, IIT 9. 41

440 l) W LtcL .41 is

460 UP t*TE9, 4 18
470 RE' ('j. 412 )N fr4Ff

18 ' GuTu (301 _302.s, 31 ofl'I
490 301 Wk i L.4 19)

S TOP
510 302 URITE(9,400)

o JRITEk9.410)
* S READ 15A.41 IBL

I F L B I.N E. 6010 2 10
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550 WRIfE(9,421)
J60 READ(-,401)BL
570 UFRITE(9,401)BL
, 80 2 10 URITE(9 422)
590 READ (5,401)START
600 URITE(9.401)STARI
610 WRIIE(9,423.
-,20 READ (5.401 )SFINIS
630 URIIE(9.401 )SFINIS
640 WRITE(9,424)
650 READ (5,4OS)NSTAT
660 URITc(9,405)NSTAT
670 URITE(9,425)
680 READ (5,405)NTH
690 URI-TE(9,405)NTH
-700 UR ITE (11 ,4 0 1) BI-
2110 WRI IL(11 .401) '3I1A 1-
-2 WRITEM,401) SFINI1
'30 WRIJE.,1 .405) NSTAT

50 TO 304
-h 3 FAll I v. 401 bl-

90 READ I Qu.401 ISFIN 15
'0 READ (10. 4, N'-[A[1

800 REA 11 10u, 40t N I 1
i 0 A04 CUNTINUF

850 F102 1 .',0 '9t 32 92
i 0 N rT. -

['T=F'102/EN
880 DO 200 [='2,NfIH

900 WRITE(9,3(TW1.f.),i1,NTH)
910 .2v WRTE(6,8)

U2 R'I IF E~ I1I I I TL E 3 .1 1 , I
/30 [00 4 1~ 1Y',

Dli 4 J= IN
4 BN(I,n8-fLfBNtl,J)

6 0 EN=N'jITA V

1 I- IA P T 19+ I

8(1



1000 LDO 23 1=1,10
1010 AN(I)=0.0
1020 ANP(I)=o.o
1030 ANPP(I)0.0
1040 CN(I)=0.0
1050 CNP(1)=0.0
1060 23 G(NW=0.0
10710 CALL GLUG(N,KPK)
1080 ST=S*TART-I
1090 DO 7 JJ=1,NSTAr
1100 ID=0
1110 INDEX=0
1 120 13T= T+w

1140 IDS'DSO
150 5Ou LONTINUE
160 ,~CONTINUE

1120 I FORMAT (12 A6
180 2 FORm T( 2 10 F10.1i
1 190 3 FORMAI( 7F 1 u2To
1 200 '5 FORMAT JFIi2.2110)

1220 70 I-h'MAT(3Al0,
1230 400 FORM~hifl DH YOU WISH TO ENTER NEW fLF
240 401 FORMAT(IF10.5

1250O 402 FORMAT"2C H BL= I F 10 .
200 403 FORMAT;3di HB PHE ETB 3F10.5

1270 404 FORMAT(115l NTH= 115i
1280 405 FORMAT(2I!-,lF1O.5)
I '9 0 406 FORMAT(31F 02j)
1300 40,1 FORMAT(24H1 RE= 11-2v.l
1310 408 FORMAT(4H RE=)
1320 409 FORMAT,,24 w-TAT= 1
i 3 " 410 FORMAT(30, s1 F2 210.j
340 411 FORMAT12SjH TTH= 1F:1025

1350 412 FORMAT(111
1 360 4 13 F 0RM A T2 1 END OF 1 11-1- REACHEl v
1 370 4 14 FORMirR38 NINFI ill-NGAES THE T YF' E OF' T~:
1380 415 FORMAT23H NINF'f~1 CARD' L'2A
13Y0 416 FORMAT(23H 2 REMlOTE
1400 417 FORMAT(113H .3 SfORLD DA-1A
1 410 4 168 F0 kMA~ 5H iNl T T 11 1
1 4 'o 419 FORMAT( 43H PROVIDE kEALI SIAIl-mlENIS F01. CARD'S (11 3Enk 430 4 20 [ORMAT(27H [F YES TYPE INO TYPE 0
' 40 421 FORMA1 ISH bLz IF 1)25j
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1450 422 FORM NAH START= 1F1O.5
1460 423 FORMAT(20H SFINIS= IFIO.5
1470 424 FORKAT(20H NSTAT= 113
1490 425 FORMAT(20H NTH= 113
1490 END
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1500 SUBROUJTINE OLUG(N,M)
1510 COMMON /A2/ DN(25,1O)
1520 COMMON /A3/ UK(50),DK(50),TI(50) ,CN(10),CNP(10) ,GN(10)
1530 DIMENSION ANK(10,50)
1540 N2=2*M-1
1550 M3=20-4
1560 DO 31 1=1,10
1570 DO 31 J=1,50
1580 31 AtK(1,J)=0.0
1590 DO I I=1.N
1600 DO 2 J=2, N2
1610 SUN=0.0
1620 IF(J-ii) 3,3.4
1630 3 DO 5 L=1,J

1640 C=L-1I1650 L 1=J+1 I-L
1660 5SUM=SUM+C*(RN(L1,I)*bW(L.I))
1670 GO TO 7
!680 4 JI =Jf-+
1690 DO0 6 L=J1,m
1700 C=L-1
1710 1-1=J,+ I-L
1720 6 SUM=SUM+C*(BN(1-1,1)*BN(LI))
1730 7 AiIK(1,J)=SUI
1740 UK(J)=0.0
1750 2 CONTINUE
1760 1 CONTINUE
1770 DO 29 J~a3.m2
1780 j2=J-2

1-190 SUN=0.0
1800 00 30 L=1,J2
1810 C=L
1820 C=I./C
1830 30 SUM=SUM+C
1840 29 WKI(J)=SUM

*1850 DO 8 J=2,M2
1860 SUM=0.0
1870 00 9 I=1,N
1880 C =3-2**1
1890 9 SUMl=SUM+C*AK(I,J)
1900 8 DK(J)=SUM
1910 IDO 22 Lhrl.N3
1920 su"=0.0
1930 LMM=I+3
1940 Ur~I.
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1950 DO 28 LX=LHfl,M2
1960 KN=LK-Ltt-2
1970 XNK=KM
1980 UN=-1.*UN
1990 28 SUM=SUM.DK(LX)*(1.+UN)/XMK
2000 2? TN(LII)=SIJ
2010 RETURN
2020 END
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2030 SUBROUTINE POT(ST,N,tI,FAC)
2040 COMMNON /A4/ AN(10),ANP(10),ANPP(10)
2050 COMMON /A3/ UK(50),DK(50),TN(50),CN(10),CNP(I0),GN(IO)
2060 COMMON /C1/ SP(50)
2070 M2=2*f-i
2080 f3N2-3
2090 GN(1)=0.0
2100 CN(1)=0.0
2110 CNP(I1hO.O
2120 DO 16 L:1,N
2130 =-*
2140 CN(1)=CN(1)+ANP(L)*AN(L)*C
2150 16 CNP(1)=CNP(1).(ANPP(L)*AN(L)+ANP(L)**2: ):*C
2160 DO 17 J=2,N

2170 CN(J)=O.0

2190 LU=N-J+l

2200 DO 18 L=,LU
2210 C=*3-2*L
2220 LJ=J+L-1
2230 CN(J)=CN(J)+ANP(Lj)*AN(L)*C
2240 18 CNP(J)=CNP(J)+(ANPP(LJI*AN(L)+ANP(LJ)*ANP(L) )t
2250 GN(J)=CN(J)
2260 DO 19 L=J,N
2270 C=3-2*L
2290 LJ=L4I-J
2290 CN(j)=CN(J)+ANP(LJ)*AN(L)*C
2300 19 CNP(J)hCNP(J)+(ANPP(LJ)*AN(L)+ANP(LJ)*ANP(L))*fC
2310 1? CONTINUE
2Z20 SUN1=0.0
2330 SUK2:=0.0
2340 DO 20 L=3,M2
2350 CL=L-2
2360 20 SUM1SU1+CL*DK(L)*U<(L-)*S(L-2)
2370 DO 21 L:1,N3
2380 CLA
2390 21 l3UM2=SUH24CL*TM(L)*5P(L)
2400 PS=4.-4.:tSP(3)
2410 8OP=4.*SP(2)*fCN(1 )/PS
2420 BOP=BOP-0.5*LNP(l)*tALOG(PS)eSUM1-0.5.tSUM2
2430 FAC=DOP+CNP(1)*ALOG(AN(1))+CN(1)*ANP(1u/AN1l)
2440 RETURN
2450 END
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2460 SUBROUTINE BOD'Y(ST,N,N)
2470 COMMON /A2/ BN(25,10)
2480 COMMON /A4/ AN(10),ANP(10),ANPP(l0)
2490 COMMON /C1/ SP(50)
2500 N2x2*I-1
2510 h3u2*H-4
2520 M40N2+1
2530 SP(I)M1.0
2540 DO It Lx2,N2
2550 11 SP(L)=SP(L-1)*ST
2560 DO 22 L=M4,50

2570 22 SP(L)s0.0

2580 DO 12 J:1l,N
2590 AN(J)=0.0
2600 AHP(J)=0.0
2610 ANPP(J)sO.O
2620 DO 13 Lz1,h
2630 13 AN(J)=AN(J)+DN(L,J)*SP(L)
2640 DO 14 Lz2,N
2650 C=L-1
2660 14 ANP(J)=ANP(J)+BN(L,J)*SP(L-1);*C
2670 DO 15 L=3,M
2680 C=(L-2)*(L-1I)
2690 15 ANPP(J)zANPP(J)4BN(L,J)*SP(L-2)*C
2700 12 CONTINUE
2710 RETURN
2720 END
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2730 SUBROUTINE DDER(DSDTS,N,KPK,TH)
2740 COHMON /A4/ AN(l0),ANP(l0),ANPP(l0)
2750 CALL BODY(S,N,HPK)
2760 xsr0.0
2770 YSM0.0
2780 XT=0.0
2790 YT=O.0
2900 Do 1 J=1,N
2M1 C=3-2*J
2820 CC=COS(C*T4)
2830 SS=SINQc*rH)
2940 XS=XS+Ms;ANP(J)
2850 YS=ys4SS*ANP(J)
2860 XT=XT-SS*C*AN(J)
2870 1 YT=YT+CC*C*AN(J)
2880 DSDT=-(XS*XT+YS*OYT)/(XS*tXS4YS*YS+t.)
2890 RETURN
2900 N
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2910 SUBROUTINE AGH(FAC,N,NTH,JJ,DS,ST, ID,INDEX.KPK)
2920 COMMON /A3/ UK(50),DK(50),TM(50),CN(10),CNP(10),GN(10)
2930 COMMON /A4/ AN(10),ANP(10),ANP'(10)
2940 COMMON /A6/ TTH(50)
2950 COMMON /B5/ XA(100,50),YA(100,50),SV(100,50),CP(100,50)
2040 DIMENSION SS(50)
2970 URITE(6,27) JJ,ST
2980 URITE(7,427) JJ,ST
2990 SS(1):ST
3000 DO 1 I=1,NTH
3010 lF(I.Or.1) GO TO 2
3020 TH=TTH(1)
3030 S:SS(1)
3040 CALL BDER(DSDT.S,NKPK,TH)

3050 00 TO 3I3060 2 rH='FTH(I-1)
3070 S=SS(I-1)
3090 CALL BDER(DSDT,S,N,KPK,TH)
3090 S1=SS(I-1)4(TrH(I)-'TTH(I-1)):ODSDT
3100 TH=TTH(I)
3110 CALL BDER(DSDTC,S1,N,KPK,TH)
3120 SS(I)zSS(I-1)+0.5*(TTH(L)-T'tH(t-t))*(STC+1SDI)
3130 S=SS(I)
3140 3 CALL POT(S,N,KPK,FAC)
3150 X=0.0
3160 Y=0.0
3170 SUNI=0.0
3180 SUM2=0.0
3190 SUM3=0.0
3200 SUM4=0.0
3210 SUH5-0.0
3220 SUM6=0.0
3230 SUM?=0.0
3240 SUH8=0.0
3250 SUH9=0.0
3260 SUh1o=0.0
3270 SUM11=0.0
3280 SUM12=0.0
3290 SUM13=0.0
3300 SUt14=0.0
3310 SUN15=0.0
3320 SUr16=0.0
3330 SUi17=.0
3340 SUM18=0.0
3350 SUM19=0.0
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3360 SUtt20=0.0
3370 SUI21=0.0
3390 DO 23 J=I,N
3390 C1:2*J
3400 C2=1.-Ct
3410 C3=2.-C1
3420 C4=3.-C1

3430 CSI=COS(Cl*fTH)I 3440 CS2:COS(C2*14)
3450 CS3=COS(C3*#TH)
3460 CS4=C0S(C4*'IH)
3470 SS2=SIN(C2*TH)
3490 SS3=SIM(C3*'fH)
3490 SS4=SIN(C4*TH)

3500 StM=SUM1+CNP(J+1 )*CS1/CII3510 SUN2:SUN2+CN(J):OCS2
3520 SU03=SUN3+CN(J)*SS2
3530 SUMf4SU4+ANP(J)*CS4
3540 SWM5=SUiN5+ANP(J);fSS4
3550 SUM6=SUM6+AN(J)*CS3*C4
3560 SU07=SIJM?+AN(J)*SS3*C4
3570 SUIIBZSUM8+AHPP(J)*CS4
3580 SUM9=SUM9+ANPP(J)*SS4
3590 SUMIO=0SUMIO-AN(J)*C4*SS4
3600 SUM1 1=SUMII+AN(J)*tC4:fCS4
3610 SUM12=SUell2-ANP(J)*fC4*-SS4
3620 SUM13=SUi113+ANP(J)*C4*CS4
3630 SUi14=SUM14+CNP(J)*CS2
3640 SUMIS=SUM14+CNP(J)*SS2
3650 SUI16=SUM16+C2*CN(J)*CS2
~3660 SUMI1=SUI?-C2*CN(J)*SS2
3670 S~fh8SUt48+C4*ANP(J)*CS3
3680 SUfl9=SUM19+C4*ANP(J)*SS3
3690 SUM20=SUM20-C4*C3*AN(J)*SS3
3700 SUM21=SUM21+C4*C3*AN(J)*CS3
3710 X=X+AN(J)*CS4
3720 23 Y=YPAN(J)*9S4
3730 DE=SUM6**2+SUM7**2
3740 DEI=1.O/DE
3750 kU=(SUM2*SUM6+SUM3*SUM7?)/DE
3760 V=(SUM2*SUM7-SU3*SUh6)/1EE
3770 U=-(U*SUM4+V*OSUtI5)-SUM I+FAC
.3780 P=-2.*U-U:**2-V-#*2
3790 XYSS=SUN6*SUMI8.SUM7*SUM19
3900 XYST=SU06*SUM20+SUM7*SUM2i
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3810 US=(SU114*SUM6+SUM2*SUM18+SUM15*SUM?+SUM3*SUN 19)
3920 US=(US-2.0*U*XYSS)*DEI
3930 UT=(SUM17*SUM64SUM2*SUM20+SUM16*SUM7+SUM3*SUM2l)
3840 UT=(UT-2.0*U*XYST)*DEI
3050 VS=SUM14*SUM7+SUI2*SUM19-SUN15*SUM6-SUM3*SU1 8
3860 VS=(VS-2.0*V*XYSS)*DEI
3870 VT=SUM17:*SUM?+SUM2*SUN2I -SUH16*SUN6-SUM3:SUMI20
3880 VT=(VT-2.0*V*XYST)*DEI
3890 H=SUM4*OSUM4,SUM5*OSUM5+1 .0
3900 H2=SQRT(H)
3910 H21=1.0/H2
3920 H3=H*H2
'3930 F=-(SUM1OsSUM4+SUII:OS*UM5)/H
3940 G=(SUIO+SUM4:oF) l*24 (SUM I I+SUIIS*F)**2+F*F
3950 G=SQRT(G)
3960 61=1.0/6
3970 DUDLP=H21*US
3980 DVDLP=H21*VS
3990 DUDLP=GI*t(F*US+U'T)
4000 OVDL'TGI*(F*YS+YT)
4010 D=SUM1O*SUMIO4SUM1 1*SUM1 14(SUt10*tSUM5-SUMII*SUM4)**c2
4020 D=SQRT(D)
4030 Et~l=SUMII/0
4040 EN2=-SUMIO/D
4050 EN3=(SUN1O*tSUM5-SUN11sSUM4)/I
4060 ETI=(SUN5*EN3-EN2)/H2
4070 ET2=(EN1-SUI4:*EN3)/H2
4080 ET3=(SUti4:EN2- SUM5:fENI)/H2
4090 EP1=SUM4:tH2I
4100 EP2:SUM5:tH2I
4110 EP3=H21
4120 C COMNPUTATION OF XKT THE GEODESIC CURVATURE OF THE PHI COORDIINATE
4130 HD=(SVN4*SUM8+SUM5*SUI9)/H3
4140 EP1S= SUM8*H21--SUM4*HDJ
4150 EP2S:SIJM9:tH2I1 SUM5*HD
4160 EP3S =-HD

4170 XKT (E'11*-EPlS+ET2*EP2S+ET3:*EP3S):*H21
4180 C COMPUTATION OF XKP GEODESIC CURVATURE OF THATA COORD;INATE L-INES
4190 HD:(SUN4*SUM12+SUM5*SUM13)/H3
4200 EPIT =SUMI2*H21-SUI4*HDl
4210 EF2T =SUM13*H2I1-SUM5*HD
4220 EP3T = -HD'
4230 GI:1 .0/G
4240 PiLl':= GI*(F*EPIS+EPIT)
4250 P2LT: GI*t(F*EP2S+EP2IT
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4260 P3LT =6I*(F*EP3S+EP3T)
4270 Ei=P2LT*EN3-P3LT*EN2
4280 E2=P31T*EN1-PILT*EN3
4290 E3.PILT*EN2-P2LT*ENI
4300 XKP=(SIM4*EI +SUMi5*E2+E3)*H21
4310 C COMPUTATION OF UP,UT, AND UN VELOCITIES IN ORTHOGONAL COORDINATES.
4320 U=1.0 +u
4330 UN=ENI*U+EN2*V+EN3*U
4340 UT=ET1*U+ET2:tV+ET3*U
4350 UP=EP1*U+EP2*Y4EP3*U
4360 N=N2
4370 WRITE(6,408) 1,X,Y,TH,U,V
4380 WRITE(7,408) 1,X .Y,Tli,U,V
4390 URITE(6,408) 2, U, UF,UT,UN.SS(1)
4400 URITE(7,408) 2, U, UP,UT,UN,SS(t.
4410 URTE(6,408v3,XKP,XKr.H,F,G
4420 URITE(7,40B)3,XKP,XKT,H,F,G
4430 1 CONTINUE
4440 500 RETURN
4450 27 FORMAT(//7H S(12, 2H)F9. 6)
4460 400 FORIIAT(8EV5.7)
4470 408 FORKAT(13,5E15.9)
4480 42? FORMAT(113,1F9.6)
4490 END
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VFILE (CHXL)CBLGEO ON DTNSRDC
100 FILE 5(KIND=REMOTE,MAXRECSIZEz22)
120 FILE 7( TITLEx"CBL3DOPT" ,IINDDISK,PROTECTIONuSA'JE,MAXRECSIZE-22)
130 FILE 8(TITLE:m'3NSAL",KIND:DISK,FILETYPE=7)
140 FILE 9(KIND=RENOTE,NAXRECSIZE=22)
150 FILE 10(T1LE="CDL3D1NP',NIND=DISX,FILETYPE=7)
160 FILE 1l(1I7LE:'CBLTAPE",KIND=DISK,PRO'TECTION:SAVE,MAXRECS]ZE=22)
170 $RESET FREE
180 C PROGRAM CBL

190 COMMON /A2/ DN(25,1O)
200 COMMON /A3/ UK(5O) ,D14(50), TM(50),CN(10),CNP(1O),GN(I0)
210 COMMON /A4/ AN(10),ANP(10),ANPP(l0)
220 COMMON /A6/ TTH(50)
230 COMMON /B5/ XA(100,5O ),YA(100,30),SV(100,50),CP(100,50)
240 COMMON / / Tl1LE07),lITL(3)
230 DIMENSION S(50),X(50,50),1(50,50)

260 DIMENSION SE(500),XE(500),YE(500),THE(500)I270 DO 21 I=1,25
2b0 DO 21 J=1,10
290 21 BN(I,J)=O.0
300 DO 22 lz1,50
310 UK(I)=O.Q
'320 DK(I)=0.0
330 22 Th(I)z0.0
340 READ(8,1) (TITLE(J), J1 ,12)
350 URITE(9,1) (TITLE(.l),J=1,12)
160 URITEU7,1) (TITLE(J),J=1,12)
370 READ(8,405)N,KPK,BL
380 URITE(9,405)N,VPK,BL
390 DO 13 J=1,N
400 READ(8,3 ) (BN(I,J),I=1,KPK)
410 URITE(9,3) ( BN(I,J),I=1,KPK)
420 13 CONTINUE
430 URITE(9,414)
440 URITE(9,415)
450 URITE(9,416)
460 WRITE(9.417)
470 WRITE(9,418)
480 READ(5,412) NINPJ
490 GOTO (301,302,303) NINPT
500 301 URITE(9,419)
510 STOP
520 302 WRITE(9,400)
530 WRITE(9,420)
540 READ (5,412) LBL
550 IF(LOL.NE.1) S010 210
560 URITE(9,421)
570 READ(5,401)BL
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580 URITE(9,401)BL
590 210 STAiRT-1.000
600 SFINIS=1.000
650 URITE(9,424)
660 READ (5,429)NSIAI
670 UR!TE(9,405)NSTAT
680 URITE(9,425)
690 READ (5,429)NIH
700 IRITE(9,405)NTH
710 IRITE(11,401) BL
720 IRITE(11,401) START
730 WRITE(11,401) SFINIS
?40 URITE(11,405) NSTAT
250 WRITE(11,405) NTH
760 GO TO 304
770 303 READ (10,401 )BL
780 READ (10,401) START
M9 READ (10,401) SFINIS
800 READ (10,405) NSTAT
810 READ (10,405) NIH
820 304 CONTINUE
830 IRITE(7,2) N,KPI(,BL
840 URIIE(7,S) START,SFINIS,NSTAT,NTH
850 TTH(1)=0.0
860 P102= -1.57079632679
870 EN=NTH-1
890 DT=PIO2/EN
890 DO 200 I=2,N*TH
900 200 TTH(I)=TTH(I.-1)+DT
910 WRITE(9,3)(TTH(l),I~l,NTH)
940 DO 4 I1,KPK
950 DO 4 J=1,N
960 4 BN(I,J)=BL*BN(IJ)
970 ENmNSTAT-1
980 DS=(SFINIS-SITART)/EN
990 DSO=DS
1000 KD=-START/DS41.
1010 DO 23 1=1,10
1020 AN(I)0.0
1030 ANP(1h0O.0
1040 ANPP(I)=0.0
1050 CH(I)0O.0
1060 CNP(I)=0.0
1070 23 GN(I)0O.0
1080 ST=START-DS
1090 MTHMO=NTH.-1
1100 sM=SIj1110 DO 201 121,NSTAT

1130 DO 211 Jz1,NTH
1140 CALL CORD(N,S(I) ,TTH(,J),X(I,,J) ,Y(1,J),KFR)
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1)50 211 CONTINUE

1170 201 CONTINUE
1171 DO 204 J=1,NTI4
1172 X(1,J)X..
1173 204 X(NSTAT,J)=0.0
1180 NSMO=NSTAT-1
1190 NTHMOzNTH-1
1200 DO 202 I=1,NSMO
1210 SSE=S(1)40.5*DS
1220 DO 202 J=1,NTHMO
1230 MP=J4NTHMO*(1-1)
1240 SE(MP)=SSE
1250 THE(MP)=TTH(J),0.5*DT
1260 CALL CORD(N,SE(NP),THE(MP),XE(IIP),YE(MP),KPK)
1270 202 CONTINUE
1280 DO 203 I=1,NSMO
1290 DO 203 Jzl,NTHMO
1300 MP=J+NTHMO* tI-I)
1320 URITE(7,426) MP
1340 URITE(7,427) 1 ,S(I) ,X(I,J),Y(I,J),TTH(J)
1360 IRITE(7,427)2,S(I+1),XU1l ,J),Y(I1+1,J),TTH(J)
1380 URITE(7,427)3,S(I+1),X(I+1 ,J+1),Y(I41,.J+1),TTH(J+l)
1400 URITE(7,427)4,S(I),X(I,J+1 ),Y(I,J+1),TTH(J*1)
1420 URITE(7 ,427)5 ,SE (HP),XE(HP),YE(MP),THE(NP)
1430 203 CONTINUE
1720 1 FORMAT(12A6)
1730 2 FORMAT(2110,FIO.5)
1740 3 FORMAT(7F1O.5)
1750 5 FORMAT(2F10.5,2110)
1760 8 FORMAT(IHI)
1770 70 FORMAT(3A1)
1775 207 CONTINUE
1780 400 FORIIAT(304 DO YOU UISH TO ENTER NEW BL?
1790 401 FORMAT(IF10.5)
1800 402 FORMAT(20H BL= IF10.5
1810 403 FORMAT(38H HP THMB BETB 3F1O.5
1820 404 FORIIAT(15H NTH= 115
1830 405 FORMAT(215,IFIO.5)
1840 406 FORMAT(3FI0.5)
1850 40? FORMAT(24H RE= 1F20.1
1860 401) FORMAT(4H RE=)
1870 409 FORMAT(24H NSTAT= 115
1880 410 FORMAT(30H St S2 ?F10.5
1890 411 FORMAT(25H TTHz IF1O.5
1900 412 FORMAT(1I1)
1910 413 FORMAT(25H END OF FILE REACHED
1920 414 FORMAT(38H NINPT DENOTES THE TYPE OF INPUT
1930 415 FORMAr(23H NINPT~l CARD DATA
1940 416 FORMAT(23H 2 REMOTE
1950 417 FORMAT(23H 3 STORED DATA
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1960 418 FORNAT(//15H NINPI Ill
1970 419 FORHAT(434 PROVIDE READ STATEMENTS FOR CARDS AT 301
1980 420 FORHAT(27H IF YES TYPE 1 NO TYPE 0
1990 421 FORHAT(15H BL= IF1O.5
2000 422 FDRHAT(20H START. 1F10.5
2010 423 FORMAT(20H SFINIS= IF10.5
2020 424 FORMAT(2OH NSTAT= 113
2030 425 FORHAT(20H NTHz 113
2031 426 FORMAT(115)
2033 42? FORMAT(lI5,4FI0.5)
2035 428 FORMAT(12F5.3)

2036 429 FORMAT(113)
2040 END
2050 SUBROUTINE CORD(N,ST,TH,X,Y,NPX)
2060 COMMON /A4/ AN(10),ANP(10),ANPP(10)

2070 CALL BaDY(ST,N,KPK)
2080 X=0.0
2090 Y=0.0
2100 DO 23 J=1,N

2110 C1=2*J

2130 CS4SCOS(C4*TH)

2150 X:X+AN(J)*CS4
2160 23 Y=Y+AN(J)*SS4
2170 END
2180 SUBROUTINE BODY(ST,N,M)
2190 COMMON /A!/ BN(25,10)
2200 COMMON /A4/ AN(10),ANP(I0),ANPP(i0O)
2210 COMMON /CI/ SP(50)
2220 M2=2*M-1
2230 M3=2*M-4
2240 M4=M241
2250 SP(1)=1.O
2260 DO 11 L:2,t42
2270 11 SP(L)=SF'(L-1)*ST
2280 DO 22 L=M4,50
2290 22 SP(L)=0.0
2300 DO 12 J=1,N
2310 AN(J)=0.0
2320 ANP(J)=0.0
2330 ANPP(Jh=O.0
2340 DO 13 L=1,M
2350 13 AN(J)=AN(J)4+BN(L,J),#SP(L)
2360 DO 14 L:2,M
2370 C:L-1
2380 14 ANPU,))ANP(,J)4BN(L,J)*SP(-1-):.C

2390 DO 15 L:3,M
2400 C=(L-2)*(L-1)
2410 15 ANPP(J)=ANPP(,J)+BN(L,.J)*SP(L.-2)*OC
2420 12 CONTINUE
2430 RETURN
2440 END
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#FILE '(CHXL)DOUDDD ON DTNSRDC
110 FILE 6(KIKD=PRINTER,MAXRECSIZE=132)
115 FILE ?(TITLE:'CL3DPT",KND=DJSK,PR0TECTION=SAVE,MAXRECSIZE=22)
120 FILE 8(TITLEm"DOUBDOPT,KINDDISK,PROTECTION=SAVE,MAXRECSIZE=22)
140 FILE 9(KIND=REMOTE,MAXRECSIZEz22)
160 FILE 1IUTITLE='DDLTAPE",KIND=DISX,PROTECTIONZSAVE,MAXRECSIZEU22)
170 $RESET FREE
3500 C PROGRAM DOUBD
3600 IMPLICIT REAL*8 (A-H,S,O-Z)
3700 DIMENSION VPP(250,250 ),T(3500),TP(1500),XIMTER(250
3800 1,10,3),SIG(500 ),INDEX(500 ,3),SY(2)
3900 DIMENSION NINTER(500
4000 DIMENSION IP(500
4100 DIMENSION VTEMP(250 ,12,10)
4110 DIMENSION TITLE(12)
4120 DIMENSION TTH(50)
4125 DIMENSION MP(50,50)

4130 COMMON /C1I SE(25Q.',XE(250),YE(250),THE(250)
4140 COMMON /C2/ S(50),X(50,50),Y(50,50)
4145 COMMON /C3/ NSTAT,NTH,NSMO,NTHMO
4150 READ (7,401) (TITLE(.J),J=1,12)
4160 READ (7,402) N,KPI{,BL
4170 READ(7,405) START,SFINIS,NSTAT,NTH
4171 NSMO=NSTAT -1
4172 NTHNO=NTH-1
4175 DO 200 1=1,NSMO
4176 DO 200 J=1,NTHMO
4180 READ (7,426) MP(I,J)
4185 LP=MP(I,J)
4190 READ (7,427) M1,S(I),X(iJ),Y(I,J),TTH(I)
4200 READ (7,427)t12,S(1+1 ),X(I+1,,J)),YU1+1 ,J) ,T'TH(J))
4210 READ (7,427)M3,S(I+1),X(I+1,J+1),Y(I+I,J41l),1114(J+1)
4220 READ (?,427)M4,S(I),X(I,J4 ) ,Y(I,J+1),TTH(J+1)
4230 READ (7,427)MS,SE(LP),XE(LP),YE(LP),THE(LP)
4231 URITE(11,426) MP(I,J)
4232 URITE(11 ,427) M1,S(I),X(I,J),Y(I,J),TfH(J)
4233 URITE(11,427)M2,S(I+1),XU+1 , J),Y(1+1,J),TTH(J)
4234 URITE(11,427)M3,S(1+1),X(I+1,J41),Y(I41,J41),TTH(J4)I
4235 WRITE(11 ,427)M4,S(I),X(I,J41 ),Y(I,,J+1),'TTH(J+I
4236 URITE(11 ,427)M5,SE(LP),XE(LP),YE(LP),THE(LP)
4240 200 CONTINUE
4400 NP:(NSTAT-1)*(NTH-1)
4500 IF(NP.GT.250) STOP
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4501 URITE(8,402) NP

4502 URITE(B,406) MSMO,N7HMO
4510 DO 201 1.1,250
4520 DO 201 Jzl,10
4530 DO 201 Mzl,3
4540 201 XINTERtI,J,K)=O.ODOO
4700 CALL XPAPS(1 P,VPP,J,TP,XINTER,SIO,SY,VTEMP,NINTER,INDEX)
4800 SYMZ)1.0
4900 SY(2)=-1.0
5000 FPIzI2.5664D00
5100 DO 10 I=1,NP
5200 Lm(I-1)*3+1
5300 =II*4
5400TP(L+)I(K)

5500 TP(L+)T(K)
5600 TP(L+2)=T(K+f2)

5200 DO 20 I1,NP

600 0CNIU

6600 D 011N
6700 NDEX(I,1)4NINTER()NUER

7000 21 CONTINUE

6300 DO 21 ITE1,10
7400 DO 21 J=1,NP

6500 VTEMP(J,12,ITE)=.D00IVEP(,2IER,.D
7000 23 CONTINUE
7100 VRTEP(I,101)(V.0DP1,1 )1=,

7200 LuIT(61)*31)(TM(.23,=,
7900 DO 4 KY=,2

7100 22DO 23 J=1,NP

8200 Kz(J-1)*3+1

800 4D ITENP(J,IERT(LXNERJITR
100 22TDO 3J,KYIE)VEM(,YTR4VEPIlW
13200 VI-(JK+,IE)T(+1)x*rRJTR,).s(Y
83600 VTENP(J,KY+,ITER)TP(L)XINTR(J,ITER,)
84700 VTEMP(J,KY,ITER)VTEP(J,KY,ITER)*2tVTEMP(J,I<Y

2,CTR):$

0800 VTEP(J,Y.,ITER)=T(** XNTRJIE,22g(Y

8900 VTEMP(J,KY+8,ITER):DSORT(VTEMP(J,KY46,i1ER))
9000 VTEIIP( J,KY48, ITER):VTENP(J,KY+8,ITER)*VTEMP(J,KY+6, ITER)

9100 VPP(1,J)=VPP(I,J)+(VTEMP(J,KY,ITER)*T(K+3)+VTEMP(J),KP2' ,I ER)*SY(FE
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9200 IY)ST(K.4)+VTENP(J,KY+4,ITER*T(K.5) .T(K.6/VTENPU,KY9,IrER)
9300 2sVIEI4P(J,i2,ITER)
9400 3 CONTINUE
9500 2 CONTINUE
9600 4 CONTINUE
9700 DO 17 ITER=1,NUND
9800 DO 18 KY-1,2
9900 DO 7 J=1,NP
10000 K=(J-1)*7+1
10100 V1ENP(J,KY44,ITER)=TP(L.2)4XIN7ER(J,ITER,3)
10200 ' TEMP(J,KY+6, ITER)=VTEMP(J,KY,ITER)*2+YTrEPJ,KY+24TER)**2
10300 1.VTEMP(J,KY44,ITER)**2
10400 VTENP(J,KY.8,ITER)=DSORT(VTEI1P(J,KY+h,ITER))
10500 VTEMP(J,XY+8, ITER)=VTENP(J,KY+8,I'TER)*oVTEMP(J,KY4+6,ITER)
10600 VPP(I,J)=VPP(I,J)+(VTENP(J,KY,ITER)4T(K+3)+VTEMP(J,KY,2,I rER)tT(K*
0700 14).SY(KY)+VTEMP(J,KY.4,ITER)*(-T(K+5) ))/VTENP(J,KY.8,ITER*.H(K+6)

10900 2&*VTEMP(J,12,ITER)
10900 7 CONTINUE
11000 18 CONTINUE
11100 17 CONTINUEI11200 1 CONTINUE
11300 DO 12 I=1,NP
11400 VPP(I,])=0.0
11500 VTEIP(l,11,1)=0.0D0
11600 12 CONTINUE
11700 DO 8 lcl,NP
11800 00 6 J=1.NP
11900 VPP(I,J)=VP'(.I,J))/DFLnAT(NINTER(J))
12000 6 CONTINUE
12100 8 CONTINUE
12200 DO 15 I=1,NP
12300 SUM=0.ODOO0
12400 DO 14 J=1,NP
12500 SUM=SUM+'JPP(I,J)
12600 14 CONTIIIUE
12700 VTEMP(1,11,1)=SUM
12800 15 CONTINUE
12900 DO 9 Ix1,NP
13000 VPF( 1,11 -FP.1HVTEMP(I ,11,1)
13100 9 CONTINUE
'13200 URITE(6,1001 .(V)PP(i,i),I.:1 ,NP)

13300 URITE(6,1001 )(VPFII,1),1=1,NP,5)
13400 WRITE (11,1002) ('PF(1,I),]=1,NP,)i
13500 URITE(6,1003)(NINTER(I),1=1,NP)
13600 URITE(6,1003) NUMS
13700 URITE(6,1001)(((XINTER(I,J,<),K=1.3),J=1,3.i,VTEMF'(i,11.1 ), [1,NP)
'3800 CALL DECOMP(NP,NP,VPP,IP)
13900 CALL SOLVE(NP,NP,YP'P,SIG,IP)
'14000 WRITE(6,1000)
14100 D0 5 lz1,NP
14200 L:(I-1),43
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14250 URIrE(I,400) (-TP(L+I),TP(L*2),TP(L43),-SIG(I))
14300 5 URITE(6,1001) (TP(L+I),TP(L+2),TP(L+3),SIG(I))
14400 URITE (11,1002) ((T(76I-74J),JZ1,7),S1G(I),Iu1,NP)
14410 STOP
14500 1002 FORNAT(SDIO.4)
14600 1000 FORNAT('I',20X,'POTENTIAL')
14700 1001 FORNAT(IH ,10812.5)
14710 400 FORNAT(IOE12.5)
14810 401 FORNAT(12A6)
14820 402 FORMAT(2110,1F10.5)
14840 405 FORMAT(2F10.5,2110)
14841 406 FORMAT(2110)
14850 426 FORMAT(115)
14860 427 FORMAT(I15,4F10.5)
14890 1003 FORMAT(8110)
14900 END
15000 SUPRaUTINE MATINS(A,NR,NI,BNl,,M,DETERM,ID,INDEX)
15100 C PIVOT METHOD M
15200 C MATRIX INVERSION UITH ACCOMPANYING SOLUTION OF 'JIMIJL. E0.
15300 C PIVOT NETHOD
15400 C FORTRAN IV SINGLE PRECISION UITH ADJUSTABLE DIMENSION
15500 C FEBRUARY 1966 S GOOD DAVID TAYLOR MODEL BASIN AN MAT4
15600 C UHERE CALLING PROGRAM MUST INCLUDE
15700 C DIMENSION A( ), B( ), INDEX( I
15800 C N IS THE ORDER OF A
15900 C M IS THE NUhBER OF COLUMN VECTORS IN B(MAf BE 0)
16000 C DETERM VILL CONTAIN DETERMINANT ON EXIT
16100 C ID WILL BE SET BY ROUTINE T( 2 IF MAIRIX A IS SINGULAR
16200 C 1 IF INVERSION WAS SUCCESSFUL
16300 C A [HE INPUT MATRIX WILL BE REPLACED BY A INVERSEE
16400 C B THE COLUMN VECTORS WILL BE REPLACED BY CORRESPONDING
16500 C SOLUTION VECTORS
16600 C INDEX UORKING STORAGE ARRAY
16700 C IF IT IS DESIRED TO SCALE THE DETERMINANI CARD MAY BE
16800 C DELETED AND DETERM PRESET BEFORE ENTERINU THE ROUTINE
16900 C
17000 IMPLICIT REAL*B (A-H,$,O-Z)
17100 EQUIVALENCE (IROU,JROU), (ICOLUM,JCOLUM), (AMAX, T)
17200 DIMENSION A(NR ,NR ),B(NR ,NC ),INDEX(NR ,3)
17300 DIMENSION VT(500),ILI(500),SUAP(500)
17400 C
17500 C INITIALIZATION
17600 C
17700 N=N1
17800 M=M1
17900 DETERi = 1.0
18000 DO 20 J:1,N
19100 20 INDEX(J,3) = 0
18200 DO 550 I1I,N
18300 C
18400 C SEARCH FOR PIVOT ELEMENT
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18500 C
18600 ANAX = 0.0
18700 DO 105 J=I,N
18800 IF(INDEX(J,3)-1) 60, 105, 60
18900 60 DO 100 K=I,N
19000 IF(INDEX(K,3)-1) 80, 100, 715
19100 80 IF ( AMAX -DABS (A(JK))) 85, 100, 100
19200 85 IROU=J
19300 ICOLUN =K
19400 ANAX = DABS (A(JK))
19500 100 CONTINUE
19600 105 CONTINUE
19700 INDEX(ICOLUM,3) = INDEX(ICOLUM.3) +1

19800 INDEX(I,1)=IROW
19900 C
20000 .EX(tI,2)=ICOLUM
20100 C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL
20200 C
20300 IF (IROW-ICOLUM) 140, 310, 140

20400 140 DETERN=-DETERH
2?0500 DO 201 L:1,N
20600 SUAP(L)=A(IROW,L)

20700 201 CONTINUE
20800 DO 202 L=l,N
20900 A(IROU,L)A(ICOLUM,L)
21000 202 CONTINUE
21100 DO 200 L=I,N
21200 200 A(ICOLUM,L)zSUAP(L)
21300 IF(N) 310, 1310, 210
21400 210 DO 251 L=1, M
21500 SUAP(L)=B(IROW,L)

21600 251 CONTINUE
21700 DO 252 L=1,M
21800 D(IROW,L)zB(ICOLUM,L)
21900 252 CONTINUE
22000 DO 250 LzIM
22100 250 B(ICOLUM,L)=SUAP(L)
22200 C
22300 C DIVIDE PIVOT ROW BY PI9OT ELEMENT
22400 C
2?2500 310 PIVOT =A(ICOLIJM,ICOLUH)
22600 C DETERM=DETERNM¢PIVOT
:2700 330 A(ICOLUM,ICOLUM)=I.O

22800 DO 350 L=I,N
)2900 350 A(ICOI.UM.L)A(ICOLUM,LI)/PIVOT
23000 IF(M) 380, 380, 360
23100 360 DO 370 L=I,M

23200 370 B(ICOLUM.L)hB(ICOLUA,L)/PIVOT
23300 C
23400 C REDUCE NON-PIVOT ROUS
23500 C
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23600 380 DO 550 L1=1,N
23700 ILI(L1)=Ll
23800 IF(lL1(Ll)-ICOLUM) 400, 350, 400
23900 400 YT(11):A(L1,ICOLJN)
24000 A(11,ICOLUM)=0.0
24100 DO 450 Lxl,N
24200 450 A(L1,L)=A(L1,L)-A(1COLUH,L)*VT(L1)
24300 IF(M) 550, 550, 460
24400 460 DO 500 Lm1,M
24500 500 8(L1,L)DB(Ll,L)-B(ICOLUN,L)*YT(L1)
24600 550 CONTINUE
24700 C
24800 C INTERCHANGE COLUMNS
24900 C
25000 DO 710 I:1,N
25100 L:N+I-I
25200 IF (INDEX(L,11-INDEX(L,2)) 630, 710, 630
25300 630 JROlJ=INDEX(L,tl
25400 JCOLUh=INDEX(L,2)
25500 DO 706 K=1,N
25600 SUAP(K)=A(K,JROU)

25700 706 CONTINUE
25900 DO 707 K~1,N
25900 A(K,JROU)=A(K,JCOLU1)
26000 707 CONTINUE
26100 DO 705 X1l,N
26200 A(K,JCOLUM) =SUAPCX)
26300 705 CONTINUE
26400 710 CONTINUE
26500 DO 730 K = .N
26600 IF(INDEX(K,3) -1) 715,720,)15
26700 720 CONTINUE
26800 730 CONTINUE
26900 ID = 1
27000 810 RETURN
27100 715 ID =2
27200 60 TO 810
27300 END

*27400 SUBROUTINE SOLVE(N,NDIM,A,B,IP)
27500 IMPLICIT REAL*8 (A.-H,$,O.-Z)
27600 DIMENSION A(NDIM ,NDIM ),B(NDIM ),IFINDIM
27700 IF(N.EQ.l) GO TO 9
27800 N81:N-1
27900 DO 7 K=1,NM1
28000 KP1=K+1
28100 N=IP(K)K 28200 I=B(fl)
28300 0(fl):8(K)
28400 B (K)::
28500 DO 7 i-%KP1,N
29600 7 9(1IhD(I)+A(I,Ki'T
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28700 DO 8 K~ul,Nhl
26600 KMIxN-KD
28900 KmKM1+l
29000 B(K)zB(K)/A(K,K)
29100 Tu-B(K)
29200 DO 8 I21,Kmt
29300 9 D(I)ml(I) +A(I,K)*T
29400 9 0(1)zB(1)/A(1,l)
29500 RETURN
29600 END
29700 SUBROUTINE XPAPS(NP,VPP,'T,TP,XINTER,SIG,SY,VTEMP,NiNTER ,INDEX)

29705 IMPLICIT REAL*8 (A-H,S,O-Z)
29710 COMMON ICl/ SE(250),XE(250),YE(250),THE(250)
29720 COMMON /C2/ S(50),X(50,50),Y(50,50)
29730 COMMON /C3/ NSTAT,NTH,NSMO,NTHMO
29900 DIMENSION VPP(NP ,NP ),T(3500),TP('1500),XINTER(NF
30000 110,3),SIG(NP ),INDEX(NP ,3),SY(2)

30100 DIMENSION NINTER(NP)
30200 DIMENSION VTEHP(NP ,12,10)
30300 WRITE(6,1000) NP

30305 L=O
30410 DO 200 I=1,N3M(
30420 IDO 200 J=I,NTHMO
30430 L=L+1
'30440 VPP(L,1)=-S(I)
30450 VPP(L,2).:X(I,J)

30460 PP(L,3)zY(I,J)
30470 VPP(L,4)=-S(141)
30480 VPP(L,5)=A(I+1,)
30490 VPP(L,6)=Y(Iii1.J)
30500 VPP(L,7)=-S(141i
30510 VFPP(L.2)=X(I-t1,J+1l)
30520 VPP(L,9)=Y(1+t 4+1
130530 YPP(L,10)=-S(I)

30540 VPP(L,11h:X(I,]+'I)
130550 VPF'(L,12)=Y(I,J4+I)
30560 VPP(L,13)=+-SE(L)
30570 VPP(L,14)=XE(L)
30580 VPP(L,15)=YE(L)
30584 WRITE(11,402)],J,L
30585 URITE(11 ,403)(VPP(LIF),'IP=1,15)
,30586 402 FORMAT(315)
30587 403 FORMAT(5FI0.5)
30590 200 CONTINUE
30600 DO 1 1=1,r4*
30700 L=I-1)43
30800 D0O J=1,3
'10900 TP( L+J) =Vi?( II2+J)
31000 1 CONTINUE
Al 100 DO It 1=1,NF'
311200 VTEMI(,1,)=VF'II,10)-VPr(l,4)
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31300 VTEIIP(I,2,1)zYPP(I,1)-tJPP(I,7)
31400 VTEMP(I,3,1 )=VPP(1,1 1)-VPP(I,5)
31500 VTEMP(1,4,1)=VPP(1,2)-VPP(1,8)
31600 VTEMP(1,5,1 )=VPP(1,12)-VPP(I,6)
31700 VTENP(I,6,1)=VPPtI,3)-YPP(I,9)
31800 VTEMP(I,4,2)= VTEMP(],4,1):,*VTEMP(I,5,1)-YTEMP(1,3,1)#tVfEMP'(I,6,1)
31900 VTEMP(I,5,2)z VTEMP(I,1,1)*VTEMP(I,6,1)-TEIP(I,2,1 )*VTEMIF(I,5,1)
32000 VTEMIP(I,6,2)= VTEPIP(I,2,1)*VTEMP(I,3,1)-VTEIP(1,1,).VTEM'(1 ,4,IB
32100 VTEMP(I,1 ,10)zDSORT(VTEiiP(I,4,2)**2+VTEMP(1 , i.2):# *2+VrEmir(1,6,2)#4
32200 12)
32210 URITE(11,400)I,(VTEMP(I,J,1 ),J=1,6),(VTEMP(.[,J,2),J'4,6'
.32220 URITE(11 ,401 ) VTEMP(1,1 ,10)
32230 400 FORMAT(1I5,/6FJO.5,/3F10.5)
32240 401 FORMAT(IE15.8)
32245 V=VTEMP(1,1,10)
32250 TEST=DABS(V)
32260 IF(TEST .LT.1.OE- 8)GOTO 11
32300 VTENP(1,4,2')=VTENP(I,4,2!)/VTEMP(1,1 ,10'

32400 VTEMP(I,6,2)=VTEMP(I,6,2)/VTEMP(I,1 ,10)

+32400 VTEMP(I,5,2)=VTE fP( 
,5,2)/V EMP ,1 ,10)I 32600 VTEMP(I ,?,2) :.5*VTEMP(1,1,1O)

32700 C 63 COMPUTE COVTEtIP(I,'I,10)NEVTEIIP(I,I1,1O) FTS. ~TM',,'.
32B00 VTEMP(I,1,1 )=(VPP(I,1 ).YPP(I,4)+VPP(I,Y7)+VPP(I,i0) )*.?5j
32900 VTEMP(1,2,1)=(VPP(I,2)+YP'P(I,5)+VPP(i,8)+VPP(1,J11))*.?5
33000 VTEMP(I,3,1)=('PP(,3)+VPNI,6)+VPP('i,9)+VPfl,12,)ni..25
33100 VTEMP(I,4,1 )=VTEMP(I,4,2-)*(VTEMPC1 ,1 1)-V:I(,4))V1EmP(.i,J,2) i
33200 1VTENP(1,2,1)-VF'P(,'J))*TEM(,6,)*(VTEMPU1,3,1)-VtJFi(1,6)n
33300 VTEMP(I,1,3)=VTEMP(I,4,2')*VTEMP(1,4,1)
33400 VTEMP(1,2,3)=VIEMP(I,5,2-)*YtTEMF(I,4,I
:33500 VTEMP(I,3,3)=VTEMP(I,6,2)*tVTEMP(I,4,1)
33600 VTEMP(I,1,1 )=VPP(I,4)+VTEMP(1,1,3)
33700 VTEMP(I,2,1 )=VPP(I,5)+'TEMP(1,2,3)
'33800 VTEMP(I,3,1)=VPP(1,6)4VTEMP(I,3,3)
33900 VTEMP(I,4,1 )=YPP(1,7)-VTEMP(1,1 ,3)
34000 VTEMP(I,5,1 BVPP(I,83)-JTEM(.[,2,3)
'34100 VTEMP(I,6,I ):YFP(I,9).-VTIEMP(1,3,3)
34200 VTEMP(I,7,1 )=VPP(1,IO)+VTEIIP(1,1,3)

34300 VTEHP(I,8, )=VPP(I,11).VTEMP(i[,2,3)
34400 VTEMP(I,9,1 )=VPP(I,12..VTEMP(1,3,3)
34500 YTEMP(1,10,1)=VPP(I,1).-V'TEMPU*.1,3)
34600 YTEMP(I,1 1,1 )=VFPU,(,2)-VTEMP(i1,2 -3)

*34700 VTEMP(I,1 ,1)=VPP(1,3)-YTEMP([,393)
34800 C 64 COMPUJE CENTYTEMP(I,l,10011 (VTEMI:(1,1,2),VIEMF(i.2,2).ViFEM
.34900 345 VTEMP(1,I ,3)=VTEMP(I,4,1 )-VTEMP(I,1 ,1)
35000 VTEMP(I,2,3)=VTEMP(I,10,1)-VTEMF(I,1,'i)
35100 VTEMP(1,3,3)BVTEMP(l,5.1l)-VTEMP:(I,2-,I)
35200 VTEMP(I,4,3)=VTEMP(I,1 1,1 )-VIEMP(.2.,I)
35300 VTEMP(I,5,3)=VTEMP(I,6,1 )-VITEMP(I,3, I)
35400 VTEMP(t,6,3)=VTEMP(1,12.11-VTEMP(1,3,1)
5500 VTEMP( I, I ,4 )=VTEMP ( I ,3, 3 )*VIEMP(I ,S, 3)--YIEMP ( 1 4,3 *Vr TIi t1' I i
35600 VTEMF(I,2,4)=VTEMP(1,5j,3)*VTEMP(I ,2, 3)-VTEMF'(1 1,.3 *k'lf-MH (.1 ,o.3i



35700 VTEflP(I,3,4)=VTEflP(I,1 ,3)*VTEMP(I,4,3)-VIENP(I,2,3)*VTElP(],3,3)
35800 VTEMP(1,7,3):DSRTVTEMPU1, I,4)**2.YTEMlP(1,2,4)4*2+VTEMIP(1,3,4)*.2
35900 1)
36000 348 VTEMP(I,3,2)=(VTEMP(I,6,1 )+VTEMP(I,12,1)4(VTEMP(I,7,3)*VTEMiP(I,3,1
36100 1 ).(YTEMP(I,1,10)-VTEtIP(I,7,3))*YTEMP(I,9,1fl/VTEIP(1,1,10))/3.
36200 VTEMP(I,2,2)=(VTEIP(I,5,1 )+VTEMP(I,11,1).(VTEMP(I,7,3).#VTEMP(I,2,1
J6300 1 )+(VTEMP(I,1,10)-YTEMP(I,7,3))*VTEIIP(1,8,1))/VTEMP(1,1,10fl/3.
36400 VTEMP(I,1,2)=(VTEMP(I,4,1 )+VTEMF'(I,10,1 )4(VTEMP(1,7,3)*YTENP(I,1,1
36500 1 )+(VTEMP(I,1 ,10)-VTEMP(I,7,3))*VTENP(I,7,1 ))/VTEMP(1,1 ,10) )/3.
36600 11 CONTINUE
36700 C H3 STOVTEMP(I,1,10)E CENTVTEMP(i1,1,10)OID AND AVTEMP(I,1,10)EA
36800 DO 10 I:1,NP
36900 K=(I-1)*7
37000 950 T(K+1)=YTEMP(I,1,2)
37100 T(K+2)=VTEMP(I,2,2)
37200 T(K+3)=VTE(IF,(:,3,2)
37300 C H4 STOVTEMP(I1,1,1O)E NOVTEMP(I.1,10)iAL VECTMVEWU1,,O0
37400 T(IK+4)=YTEMPI,4,2))
37500 T(K+5)=VTEMP(I,5,2)
37600 T(K46)=VTEMP( I,6,2.)
37700 T(K+7)VTEiP(I,7,2)
'12800 10 CONTINUE

37900 DO 70 1 ,NP
38000 ITEMF(!,1,5-)=(VPP(I,4) *VFF(I,2) )fO.5
38100 VTEMP(I,2',')=(IJPPII,5j) VPIP(LI8) If).5
38200 VTEMF(1,3,')'(VPF(I,6 fVFF'(I,9) )*0.5)
.38300 VTEMP( 1,1)6) (I F I)~f *VPPI, IV) 40.5
.58400 VTEMP1I,2-,6.=(VPF'(1,2*)-VPP(1,11) ):tQ.5
38500 VTEMP(I ,3.6)=(VPP(1,3)tYFP(i,12) 1*0.5

38700 NINTER ('4 =MAXQ(NINTER(I),1)
138800 NINTER I )=MINO(NINrER( I) ,8)
18900 NUMB:NINTER(lI

439000 VTEMF(I,1,6)=(VTEMP(I,1.6)-VTEMF(I1,1,5))/NINTER(I)
3910 TEMP(I,2 .6 : VTEMF(I,2,6)-VTEMFP%1,2 .5) )/NINrERUl)

39200 VTEMF(I,3,o)=(VTEMF,(I,3,6)-VTENF'((,13,51, )!JINTEr (I)
39300 DO 999 NIX=1,NUMB
39400 ENIXzDFL0AT(NIX)-0.,3r'00

39500 XINTER(I,NIX,fl=VTEMPH.[, I,5)VElF'(I, I,6)*TDNIX
39600 XINTER(I,NIX,2)=VTEMF(I,2,)*VTIEMPU ,'2, 6)t:Dr~l
39700 XINTER(I,NIX,3)=YTEMPU ,4,5-)*fVTIMP( I 3,6)*stIX
39800 999 CONTINUE
39900 IF(NINTER(I).NE.1 ) GO TO 990
40000 DO 997 NIX=1,3
-10100 XINTERU ,1,NIX) :VIEMF'(I,NIX,2)
40200 997 CONTINUE
40300 998 CONTINUE
40400 C WXf (I).:F'"(1. 1 i-VPFII1,4
40500 70 CONTINUE
40600 C IFMLN.1-T.60) GO 10 80
40700 WRITE (6,7)



40800 URITE (6,8)
40900 LINZO
41000 C 80 LIM=L1N41
41100 DO 55 I=1,NP
41200 u-)*4
41300 55 URITE (6,6) T(M),T(M+1),T(M42),T(M43),T(M+4),T(M+5i,TBM+4)
41400 4 CONTINUE
41500 NQE=NP
41600 NU?=NQE*7
4700 URITE(6,28) NP
4800 6 FORMAT (10D12.5)
4900 7 FORMAT(38H1 INPUT DATA TO POTENTIAL FLOW PROGRA~M)

42000 8 FORMAT(4H0 ,2HXP,IO0X,2HYP,I1OX,2HZP,IOX,2HXN,IOX,'-)IYN.10O'..2li7N
42100 1,IOX,2HAO)

42300 28 FORMAT (33HOTOTAL NUMBER OF GUADRILATE ml))
42400 1000 FORMAT115)

42700 END
42710 SUBROUTINE DECOMP(N,NDI[M,A,IP)

t 42730 DIMENSION A(NDIM,NDIM),IP(NDIM)

42740 IP(N)=l
42750 DO 6 K=1,N
42760 IF(K.ELJ.N) GO TO 5
42,170 KPI=K+l
42780 M=K
42790 DO I I=Kp1 ,N
42800 IF(DABS(A(I,K) ).GT.DABS(A(I4,Xfl) M~l

*4281o i CONTINUE
42820 IP(IK)=M
42830 IF(M.NEJ,) IFN~I(
42840 T=A(M,K)
42850 (,)AK )
42860 A(, )=
42870 IF(T.EO.0.) (3O TO 5
42880 DO 2 I=KP1 ,N

*42890 2 A(I,K)=--A(I,VK)/T
*42900 DO 4 J=KP'I,N

42910 T=A(M,J)
42920 A(M,.J)=A(K,J)

*42930 A(K,J)='T
42940 IF(T.EO.0.) GO0 TO 4
42950 DO 3 I=K11,N
42960 3 A(I,J)=A('I,J)+A'I,K):fl
42970 4 CONTINUE
42980 5 IF(A(K,I{).EO.0.) IP(Ni0O

k42990 6 CONTINUE
43000 RETURN
43010 END
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100 FILE 5(KIND=REMOTE,MAXRECSIZEz22)
110 FILE 6(KIND=PRiNTrER,MAXRECSIZE=132)
120 FILE 7(TITLE:'TBLIPCOP'r",KIND=DISK,PRO0TECTION=SAVE,MAxRECSIZE=22)
130 FILE 8(TITLE="TDL3DOPT,KIND=DISK,FILETYPE=7)
140 FILE 9(KIND=REMOTE,MAXRECSIZE=22)
150 FILE 10(TITLE="TBL3DINP",KIND=DISK,FILE fYPE=?)
160 FILE l11TITLE=TBLSAVE,KIND='IS,,PROTEcTrION=SAVE,MAXRECSIZE=21
1615 FILE 12(TITLE="THREEDPHI",KIND=DISK,FILEfYPE=7)
170 $RESET FREE
1010 C PROGRAM TBLIPC
1030 C PROGRAM COMPUrES DERIVATIVES OF VELOCITIES ALONG THE ORTHOGONAL
104U C COORDINATES.
1050 DIMENSION TITLE(1.2),*TITL(3)
1060 DIMENSION X(3,120) ,Y( 3.120o). H(3.12) .ULP(.3.1'0) ,ur(3,12) ),S(3,1201
10 170 DIMENSION XK'P(3,120),XKT(3,120,H(S3, 120) ,F3. 10.1 .6(. ,120)
10,30 DIMENSION JJ(3',SS(3)

10,7 cl COMMON/SPLIN/SP(30,60).SHI(3060).FHl(30,60),IHIF(3060l,
1100 $DTP(30,60'
1o 11 OMMON/VEL0C/UP,UT,S,lH
1120 REALD (8,401) (TITLE(J),J:=1,121)
1130 WRITE(6,401 I ( IITLE(J) ,J=1 ,12)
1140 WRITE(7,401 ) ( ITLE(J)'J=1.12)
1145 WRITEI9,401.. TlITLE(J) ,J=1 ,12)
1180 READ (8,402 )N,KPIK'.BL

1190 URITE(6,402 NYKL
1200 URITEI 7,402 )N.IKPV,BL

h2 ~ UR ITE(Y. 402 N , KP , BI
12.10 REALD (8,405) STARI.SFINS,NSTAT,NTH
1220 URITE(6,405) ShART,SFINS.NSTAI .NfH
1 230 URITE(/,405) S TAR T Sl:INS, WSITA TN 1H
1-131 LRITEI9,405) srART,SFINSN3rAf,NlH

1240 PI01-i 5,1079682629
50 EN=NIH-1

12'60 mrH=NTi- I
20 fiT=PioT/EN*(.-1 .0)

1280 DTI=1.0/ff
1290 UR ITE(9,40B)NIH,111,1DI

300 DTF=U.'sI'TI
1310 Jzl
1320 1':
133) L=3
1331l R IE9 ,40 6

U R I TE9. 4 0'
335 H~EAD (",4041 No,
136 IF(N),Et.0) GO TO 300
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1340 READ (12,403)NS,NT
1350 URITE(6,403)NSNT
1370 CALL SP~rEN(NS,NT,DTH,NTH)
1380 TEST=SP(1,1)
1390 300 CONTINUE

1400 DO 205 1=1,2
410 301 CONTINUE
420 READ (8,42?) JJ(I),SS(I)

430 URITE(6,427) JJ(I),SS(I)
1440 D0200 IT=1.NrH

140 READ' (8,408) NDUM,x( .1,1 r.XRTU,Tir. ,r) *u, . w
1500 URI1E(6,408) NEUMX(I,IT) ,<(I,IT),H(I,I ) .1:(1,L V

1510 200 CONTINUE
1520 NSTAI=NSTAT-1
530 IF(TEST.GE.SS(1)) (3010 301

1540 NSTAT=NSTAr+l
1550 205 CONTINUE
lioo IFHN5.EO) GO TO 302
1570 CALL E'VALVO(NS,D'IH,NTHi
1580 CALL EVALVO'(NS,DTH,NIH,2-'
1590 302 CONTINUE
1600 HI=1.0/H(2,I)
16i10 DTIG:=DTI/'b(1.1)
1620 DUFEILP=(UJP(2, 1)-UP (1,1))/(S(2, 1)-S( 1,1l
1630 OUPDLP=HI*DUPDLP
1640 DUPDL T=DT IG* ( UP (1 '2)-UP (1 ,1)I
1650 DUTDLP=(UT(2,1 )-Ut(1 ,1 ))/(,3k(2,1)-S(1 .1))
1660 DUTILvHI*DUTlILF
670 LUTI.AT=ITI6i*(UT( I *2,-IJTi1 .1))

1680 WRITE(7,42.,') JJ(1 ),S(1

1690 URITE (6,408 1 *( 1.), .) H ,),P ,).I *1

1 *170 URITL(7.408) I X( 1,11 ,Y( 1. 1 1M( I,1I) lJP( , I) *UT,1
I~ (RITE(7,408) I,(1 . DU[xP, uDL fuiIL,.I 1L

Io W~ RITE(7,408) 0-,S( I,1 DUFPIJ)PFLT . PIJ i liLF.,DUI WLT
1,'40 UPITE(6,408 3XP1, ,IT1, H1. ,( 1)1(11
I1.0Q WRITE(7,408) 3.XKF(1 1)XT1, ,( ,),-1. G1.

60 DO 2101 11z2',MTH
1 770 [ISS= .0/S (2 , I T)-3( 1 , IT)
1 780 DS=DS/H(2,IT)
11,90 DUPDLP=DS*(UP2,IT)-UPi ,i))
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1800 DUrDLP=DS*#(U'U2,If-JTs1,IT)
1810 DTFG:DTF/G(1,IT)
1820 DUPDLT=DTFGs(UP(1,IT+1)-UP(1,IT-1))
1830 DUTDLT=DTFG*(UT(1,IT-+1)-UT(1,1T-1))
1840 URITE(6,408) 1 ,X(1 ,I'T),Y(1 ,II).TH(1 ,IT),UP(1 ,IrT),UTf(l1 )
1850 URIVE(7,408) 1,X(1 ,IT),Y(1 ,IT),TH(I ,Lr),U'(I ,IT),Uf(1 JD)
1860 URITE(6,408) 2,S(1 ,Ir),DUPDLP,DUPDLT,Du-TDLP,DUTDLT
1870 WRIIE(7,408) 2,S(1 .lT),DUPDLP,EIUFfiLI,IUTDLPDUTDLT
1880 WRITE(6,408) dXP , ),~r , )HIT,( I)81,J
1890 URITE(7,408) T,XKP(1 ,IT) ,XKT( 1,IT) ,HU ,I1) ,F(l ,I i) G(1 ,IT)
1900 201 CONTINUE
1910 DS=1.0/(S(2,NTH)-S(1,NTH))
19120 DS=DS/H(2,NIH)
1930 D UPB LP:DS*(UP(2.NfH )-UP-(1I NTH)
1940 DUTEJLF=[S(UT(2,NTlH)-Ur(1,NTH))
1950 D1I(b1lI/6(1 .NTH)

1960 [UPDLT.DIT16f. (UP( Nll-UP( I MTIA)
19,10 [UTDLI=ETIG*4U1( .NTH,)-UTI ,MTH))

1980 URITE(6,408) 1 ,X( I,NrH)'Y(1 ,rT),TfHU,N-TH) ,UFP(1 NTIb),U1(1 ,NEH)
1990 URlTEG;,408) 1,X(1,NTH,YHI,NTH),JH1INTH),UPI1 *NTHi),UTiI.NfH)
2000 URITE(6,408) 2,SUI,NTH).DUPDLP,DUPDLT,EIUTDLIP,DUfIL-T
2010 URITE(7.,08) 2,S(I ,NIk),DUPV'L.P DUPD'Lr,DUTfDLP, flu Iflr
2020 URIIE(6,408) 3,XKP(1 NTH) ,K'T(i NtTH-) Hkl~ .NTH) 1:( 1 ,NH ,G(l ,NTH)
2030 URIIEk2.408) 3,xKPI1,NTH).XKT1l.NTi.1.1NTH),H1-(,NTwA,G.NH
204 0
2O0 C OUTPUT FOR FiRST PHI-SfArION Vi LOMFLEIED.

DO0 2021 IS=.3,NSTAr

1090) READ (8,42-17 JJ(L).SS(L'
2100 RITE(6,42?) JJ(L',SS(L)

210 110 2 03 IT:= , NT H
2120 RE AD ( 8 4 0 8 NEUM , X(L,ir)f ,(1-, 1 fJH (L , I T,V
2136 READ' (8,408) NDUU,UUP(L,IT) ,UrT(L,IT),UN,s(LIrT)
21140 READ (8.408) NDUMXKP(LI1),*F(T(LIr) ,H(L,IT) ,HL(I,IT),G(L-,lfl
'2150 203 CONTINUE
'2160 IF(NS.EO.01 GO TO 303
2170 CALL EVALVO(NS,DTH,NTH,L)
2180 303 CONTINUE
21190 TJTIi1TI/G(K,1)
2200 DSa1.0/(G(L,1)-S(j,Il)
2210 DS=DS/H(h',l)
2220 1UP1L P= D S* (U P(1-,1 )-( J,I )
2230 DUILLP-S*(UlUL,l)-UT(J,M)
"240 D UP DL T=EDIT IG* UP( KIU I-'K. Iu
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2250 DUTDLT=DTIG*(UT(K.2)-UT(K,1))
2260 URITE(6,400) S(K,1)
2270 WRITE(7,408) ,(,)(K),(K)UP,),T,)
2280 URITE(6,408) 2,S(K,1) ,DUPDLP,DUPDLT,DUTDLP,DUTDLf
2290 URITE(7,408) 2,S(g,l) ,DUPDLP,DUPDLT,DUTDLP,DUTDJLT
2300 URITE(7,408) 3,XKP(K,1),XKT(K,1),H(K,1 ),FCX,1 ),G(K,1)
2310 DO 204 IT=2,11TH
2320 DS=1.0/(S(L,IT)-S(J,IT))
23:30 DS=IJS/H(K,IT)
2340 DrFG=DTF/G(K,IT)
2350 DUPDLP=DS*(UP(L,IT)-UP(J,IT))
2360 DUIDLP=DS*(UT(L,IT)-uTr(j,IT))
2370 DUPDLT=DTFG*(UP(K,IT+1)-UP(K,IT-1))
2380 DUTDLT=DTFG*(U'T(K,IT+1l)-UT(K,IT-1))
2390 WRITE(7,408) I ,X(K(,IT) ,Y(K,I'T),TH(K,IT),UP(K,IT),UT(K.IT)
2400 WRITE(7,408) 2,S(K,IT),DUPDLP,DUPDILT,DIDLP,DUTDLT
2410 URITE(7,408) 3,XKP(K,IT) ,X1("T(K,1IT),H(K,IT),F(X.IT),bUE.II)
2420 204 CONTINUE
2430 DS=1.0/(S(L,NTH!-S(J,NTH))
2440 DS=DS/H(I<.NTH)
2450 01101'DTI/G(K.NTH)
24 60 DUPDLP=DS* (UP(L-,frrH).-UPI.J.NTH)
2470 DUTDLP=DS*(UT(L,NTH)-UT(J,NTH)
2:480 LUPDLT=DTIG*(UF(K.NrH)-UP(N,MTHA))
2490 DUTDLr:DTIG*(UT(K.NTHA)-UT(K(.MTH))
2500 WRITE( 1 ,408) 1 ,X(K,NTH),Y(K,NTH),rHK,NTH),UP(K,NTH,UU<,,NT1H
2510 URITE(i, 408) 2 , S (K,NTH),DUPDLP,DUPDLT,DUITDLP,DU'TDLT
2520 URITE(?,408) 3,XKP(K,NTH),XK'T(K.NTH),H(K,NTH),F(V,.NTH),G(K.NTH)
2530
2540 C COMPLETED OUTPUT FOR I(-TH PHI-STATION.

2560 j
25710 J=K
2580 I<=L
2590 2 02 L=M
2600
2610 CC DATA COMPLETED' FOR ALL BUT LAST PHI-STATION.
2620
2630 500 CONTINUE
2640 400 FORMAT(5X,28H V.L. STATION COORDIINATE IS i1F7.4)
2642 401 FORMAT(12A6)
2644 402 FOR11AT(2110,1FlO.5)
2646 403 FOR11AT(215)
2647 404 FORNAT011)
2648 405 FORMAT(2F10 .5,2110)
2650 406 FORMAT(55H IF THREE DIMENSIONAL POTENTIAL IS FROM MING S PROGRAM
2652 407 FORNAT(33H ENTER 1 SLENDER BOD'Y ENTER 0
2690 408 FORMAI(1I3,5E15.7)
-700 427 FORMATUI3,1IF9.6)
2710 470 FURMAT(SA1O)
.750 END
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2770 SUBROUTINE EVALVO(NS,DTH,N'fH,IS)
2780
2790 C COMPUTES UP AND UT FROM SPLINE DATA
2800 C SP S COORDINATES AT WHICH SPHI IS GIVEN
2810 C SPHI SPLINE POTENTIAL
2820 C SPHP DERIVATIVE OF SPHI IN S DIRECTION
2830 C SPHPP SECOND DERIVATIVE OR MOMENT OF SPHIl

2840 C DTP SPACING INCREMENTS IN S

2850I2860 COMMON/&?LIN/SP(30,60),SPHI(30,60),SPHP(30,60).SPHPP(30,60),
2870 $DTP(30,6u,

2880
2890 C UP VELOCITY IN PHI DIRECTION
2900 C UT VELOCITY IN THArA DIRECTION
2910 C S S COORDINATE AT WHICH VELOLITIES ARE EVALUATED~
2920 C TH THATA COORDINATE
2930 i
29 40 L~fiAN/NVEL0C/UPUI ,S, TH
2950 DIMENSION U(,2.U(j0b,21.I(,2
2960
29 "0
~9 80 L 5 P S INTERFPULATION POINTS FOR LONGITUDIINAL SPLINE

299o C PH POTENTIAL AV SPS
00c FMl MOMENTS

3010 C DT S INCREMENTS
3020 C 1 INTERPULATION POINTS THAIA DIR~ECTION
3030 C SPHIS POTENTIAL AT T
3040 C PHP DERIVATIVE OF THE POTENTIAL
3050 C DELTA INCREMENTS IN T
3060 C MY MOMENTS
3070
3080 DIMENSION SPS(120),PH(120),FM(12 0) ,DT(120,,T(120),SPHIS(120)
3090 $,PHP(120) ,DELTA(120) ,MY(120)
3100 REAL MY
3110 PI=3.1415962
3120 TOL=1.OE.-06
31 30 MiTH=2*NTH

140
3150 C COMPUTE UP
3 160 I

.5170 DO 200 J:l .N711
3180 SL=S ( IS,J)
3190 T(J) TiA(.lsJ1
3200 L=Mll+I-J

~~21C~~ I. PL-(J)
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3220 D0201 I=1,NS
3230 SPS(I)=SP(I,J)
3240 PN(I)=SPHI(I,J)
3250 FM(I)=SPHPP(I,J)
3260 201 DT(1)=DTP(I,J)
3270 CALL SPLEVN(SL,SPHIS(J),UP(IS,J),NS,TOL,SPS,PH,FM,DT)
3280 SPHIS(L)=SPHIS(J)
3290 200 CONTINUE
3300
3310 C COMPUTE UT
3320
3330 CALL PLINE(MTH.TOL,T,SPHIS,FM,DELTA)
3340 DO 202 J=I,NTH
3350 CALL SPLEVN(T(J) ,DUM,PHP(J),MTH,TrOL,T,SPHIS,FM,DELTA)
3360 202 CONTINUE

3370 CALL PLINE (MTH.TOL,T,PHP,FM,DEL-TA)I3380 DO 203 J=1,NTH
3390 CALL SPLEVN('T(J),DUM,nY(J),wrH,fWL,T,PHP,FM,DELTA)
3400 203 CONTINUE
3410 00 204 P=I,NTH
3420 CALL SPLEVN(T(J),DUM,UT(IS.J),MlTH,-TOL,TFPH,NY,DELTA)
3430 204 CONTINUE

3440 RETURN

3450 END
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3470 SUBROUTINE SPOTEN(NSNT,DTH,NTH)
3480
3490 C SUBROUTINE USES SPLINE ON SPLINE INTERPOLATION TO FIT POTENTIAL
3500 C SP S COORDINATES AT WHICH SPHI IS GIVEN
3510 C SPHI SPLINE POTENTIAL

3520 C SPHP DERIVATIVE OF SPHI IN S DIRECTION
3530 C SPHPP SECOND DERIVATIVE OR MOMENT OF SPHI
3540 C DTP SPACING INCREMENTS IN S
3550
3560 COMMON/SPLIN/SP(30.60).SPHI(30,60).SPHP(30,.506). SF'HPF'(30,60),
3570 $ DTP(30,60)
3580
3590 C T ARCIAN(x/
3600 C A A CUORLDINATI-
.5610 c Y Y CUORDINATE
3620 C PHI POTENTIAL FROM hING"S PROGRAM
3630
3640 DIMENSION r(30.30),X(30,30),fl(30,301,PHI(30,30)

3650
3660 C IL SPLINT- INTERPIULAIION COURIINAIES
3670 C PH SPECIFIED FUNCTION VALUES FOR SPLINE FIT
3680 C FM MOMENTS
,1690 C D7 SPACING
3700 C S LONuITU['INAL POINTS AI UHLCW POrENIIAL Is SF'LLiI-i
0710 C iH lHATA COORLINATES AT WHICH S'HI IS SFICIFIED
7Z 0 C M Y MOMENTS

5/40 DIMENSION IL(60),PH(60),Fhf blQ) .111 6Q) ..O 
b

,
6. ,. lTMY ( 60)

DIMENSION PHPk60),1H.60)
3760 REAL flY

'I:O I. READ INI-'Uf ANDlI cONVEur TO PROiGFRAMS LUORDINATE S*Yl1M

3790
3800 READ k12,400) ((SFI,J),X(I,J),Y(I,J,0,lU,[UM,FHI,J),J--I,NT.
3810 $,I=1,NS)
3820 WRITE(6,400) ((SP(I,,J) ,X(I, J), YqI,J),D,DUDUfi,'HI (IJ) ,J= ,N f)

3810 $,I=I,NS)
3840 PI=3.1415926
•.0 TOL=1.OE-06

3860 LoC=3
h3870 I =2 N T

3880 TH( 1 ):=0 .0
3890 DO 2100 I:=INS
,6900 DO 200 J=l,NT
3910 SP(IJ)=-SP(,J)
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3920 PHI(I,J)=-P141(I,J)
3930 200 T(I,J)=ATAN2(X(I,J),Y(I,J))
3940
3950 C BEGIN SPLINE ON SPLINE FIT OF POTENTIAL IN TRANSVERSE PLANES.
3960
3970 DO 201 ISz1,NS
3990 DO 202 J=1,NT
3990 L=NT+1-J

40fl0 TL(J)=T(IS,J)
4010 PH(J)=PHI(IS,J)
4020 TL(L)=PI--TL(J)
4030 202 PH(L)=PH(J)
4040 CALL PL1NE(MT,TOL,ILPH,Fh,DT)
4050 DO 203 J=I.M*T
4060 CALL SPLEVN(rTL(J),DUNMY,PHP(J) ,MT,TOL.TL,PH,FM.tT)
4070 203 CONTINUE
4080 CALL PLINE(MT,TOL,TL,PHP,FM,DT)I4090 DO 204 J=1,NT
4100 CALL SPLEVN(TL(J),BUMMY,MY(J),MT,TOL,TL,PHP,FM,DIT)
4110 204 CONTINUE
4120 DO 201 J=1,NTH
4130 CALL SPLEVN(TH(J) ,SPHI(IS,J),DUMMY,M'i,TOL,Tl-,PH,MY,DT)
4140 201 CONTINUE
4150
4160 C BEGIN LONGITUDINAL SPLINE FIT
4170
4180 DO 206 J=1,NTH
4190 DO 207 I=1,NS
4200 S(I)9F'(I.J)

4220 207 CONTINUE
4230 CALL SPLINE(NS,'TOL,S,PH,FM,DT)
4240 DO 208 I=1,NS
4250 CALL SFLEVN(S(lU,DUNMY,PHP(I) ,NS, rOLS,PIAFM,',
4260 208 CONTINUE
4270 CALL SPLINE(NS,'TOL,SPHP,FM,DT)
4280 DO 209 I=1,NS
4290 CALL SPLEVNI(S(I),DUM,fY(I),NS,TOL,S,PHP,FM,DT)
4300 209 CONTINUE
4310 DO 206 I=1,NS
4320 CALL SPLEVN(S(I),SPHI(I,J),DUN,NS,TOL,S,PH,NY,DT)
4330 SPHP(I,J)=DUM
4340 SPHPP(I,J)=MY(I)
4350 DTP(I,,J)=DT(I)
4360 206 CONTINUE
4370 RETURN
4390 400 FORMAT(8D10.4)
4390 END
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4410 SUBROUTINE SPLINE(N,TOL,X,Y,M,H)
4420 C NONPERIODIC SPLINE FIT USING THE MOMENTS M(J) TO SPECIFY THE SPLIN
4430 C N NUMBER OF INTERPOLATION POINTS
4440 C TOL TOLERANCE ON SOLUTION
4450 C X MESH POINTS A=X(I).LT.X(2).L. ..... Lr.X(N)=B
4460 C Y ORDINATES Y(I)=F(X(l)),ETC.
4470 C H INTERVAL LENGTHS H(J)=X(J)-X(J-1)
4480 C LBC CONTROL NUMBER TO PICK END CONDITIONS LBC=
4490 C I FIRST DERIVAIIVE OF F AT X(1) AND AT X(N+I) IS GIVEN
4500 C 2 M(1)=YOP,M(N)=YNF'
4510 C 3 M(1)=M(2),M(N-1l:=M(N)
4520 C YOP DERIVATIVE A'T X(1) OR VALUE OF M(1)
4530 C YNP DERIVATIVE AT X(N) OR VALUE OF M(N)

4540 COhMON/ENDCOD/LBCYOP.YN'

4.5. DIMENSION X(N),Y(N),M(N),H(N)
4560 DIMENSION L(99),MU(99),D(99)
4570 DIMENSION F'(99),0(99),U(99)
4580 DIMENSION DUMMYB(99).DC(99),fC(99)
45Y0 DIMENSION R(99),DT(99),UP(99),UNl99)
4600 REAL .L.U
4610 NMO=N-I
4620 DK 210 1=2,N
463V H(.=X(1)-X(1-i
4640 210 CONTINUE
4650 bio 200 I=2,NlO

4660 L(I)=H(I+1)./(H(1)+H(I+I))
4670 MU(1)=I.0-L(I)

46Y0 200 CONTINUE

4700 HiN)=X(N)-X(N-1)
1,'I0 IF(L C-'2) 300,301,302

4720 300 L(1)=1.0
4730 fj(1)=&.OIH(2):*((Y(2)-Y(1))iH1(2)-YOP)

4740 MU(N)=I.0
4750 D(N)=6.O/H(N):*(YNP-(Y(N)-Y(N-1))/H(N))
4760 GOTO 303
4770 301 L(l)=0.0
4780 D(I)=2.0*YOP

4790 MU(N)=O.O
4800 D(N)=2.0-YNF'
4810 GOTO.03

4820 302 L(I)=-2.0
4830 D(1)=0.0
4840 MU(N)=-2.0

4850 f(N)=o.0
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4860 303 9=2.0
4870 PI=
4880 0(1)=-L(1)/P(1)
4990 U(1)=D(I)/P(I)
4900 L(t4):0.0
4910 R(1)0.0
4920 1114()?1
4930 Do 201 1=2,N
4940
4950 ()-(/PI
4960 i)Ki)PI
4970 201 D'T(I)=i(I)/P(I)
4980 UP(I)=U(1)
4990 1N(l )=0.0
5000 Do 205 1:1.m

5020 UN(I)=R(1)*UP(I-1)
5030 205 V(I)=UP(l)-UN(,[)
5040 h(N+= N
5050 00 202 I2r
5060 K=N+1-I
5070 202 M(K)=*Q(i,).kt(I,+1)4U(K)
5080 DUMNYB(1)=B
5090 DC(1)= "2-.0*M(1)+L(1)!'M(2)
5100 TC(1)zD(l)-DJE(1)
5110 DUNMBNB
5120 CN=.*N)fUN:MN-)
5130 TC(N)=IJ(M)-DC(4)
5140 00 207 I:2,WMO
5150 DUMMYB(I)=B
5160 IJC( I)=2.0*Nh(I)+MU(I): M( 1-1 )+L(I)$tM( Iii

5170 20? TC(I)=D(I)-DC(I)
5180 l
5190 TL=D(1 )-2.0*M( I )-L(1 #H2

5200 TL=ABS (TL )
5210 IF(TL.t3E.IOL) GOfO 501

5230 TL(-.0r(iIJNM()
5240 TL=ABS(TL)
5250 IF(JL.t;E.TOL) tj010 501
5260 DO 203 I*&',NMO
5270 K~1
5280
5290 T=ABS(T)
5300 TL=T
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5310 IF(T.GE.roL) 6010 501

5320 203 CONTINUE
5330 500 RETURN
5340 501 URITE(6,400)K,TL,TOL
5345 URITE(9,400)K,TL,TOL
5350 HU(1 )=-999999.9
5360 L (#)=-999999.9

5370 IRITE(6,401 ) ( tUIUM~I,~),qIJICICI
5380 1 I=1,N)
5390 RETURN
5400 400 FORflAT(I5,2EI5.4)
5410 401 FaPMAT(7E15.8)
5420 END
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5440 SUBROUTINE PLINE(N,TOL,X,Y,M,H)
5450 C PERIODIC SPLINE FIT USING THE MOMENTS 11(J) TO SPECIFY THE SPLINE
5460 C N NUMBER OF INTERPOLATION POINTS
5470 C TOL TOLERANCE ON SOLUTION
5480 C X MESH POINTS A=X(1).LT.X(2).LT..LT.X(N)=B
5490 C Y ORDINATES Y(J)=F(X(J))
5500 C M MOMENTS N(J)=F*"(X(J))
5510 C H INTERVAL LENGTHS H(J)=X(J)-X(J-1)
5520 DIMENSION X(N),Y(N),M(N),H(N)
5530 DIMENSION L(99),NU(99),D(99)
5540 DIMENSION P(99),0C99),UC99),S(99),T(99),V(99)
5550 DIMENSION DC(99),TC(99)
5560 REAL M,L,riU
5570 TYzABS (Y(1)-Y(N))
5590 IF(TY.GE.TOL) URITE(6,403) Y(1),Y(N)
5590 NMOMN-1
5600 DO 210 Iz2,N
5610 HI=()XI1
5620 210 CONTINUE
5J630 H(N+1)=H(2)
5640 Y(N41)=Y(2)
5650 DO 200 I:2.N
5660 ()=(fl/HIH11)
5670 fU(I)=l.0-Ltl)
5690 D(I)=6.0;*L(I)/HU1+1 ).U-Y(I+l )-Y(l))/H(I+1)-(YWl-'(I-1 ))/Htfl
5690 200 CONTINUE
5700 B=2.0
5710 P2=
5720 O(2)=-L(2)/P(2)
5730 U(2)=D(2)/P(2)
5740 S(2)=-MU(2)/P(2)
5750 DO 201 1=3,#
5W60 P( 1)=MU(1) *0( 1-1 )+B
5770 O(IJ=-L(I)/P(I)
5780 S(1)=-MU(I)*S(I-1)/P(I)

5800 T(N)=1.0
5810 v(N)4.0
58410 DO 205 I=2,NMO
5830 K=N+1-I
b840 T(X)=O(K)OT(K+1)+S(K)
5950 V(K)=Q(K)*V(K41)4U(K)
5960 205 CONTINUE
5970 C=L(N) *r(2).MU(0)*r(N-1 )+b
5880 [JyL(0)*V(2),MU(N)*V(N-1)
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5890 I(N)M(D(N)-DV)/C
5900 DO 202 I=2, litO
5910 K=N+1-I
5920 202 M(K)=T(K)*M(N)+V(K)
5930 fl(1)M(N)
5940 M(N+1flM(2)
5950 DO 206 1=2.N
5960 D()20M)~(1f~-)LI~If

590 206 TC(I)=D(I)-[IC~I1

5980 30 2)03 1=2.N
t,990 <:1

6000 (L=101)
0 f) L=A1bS tl.-

602Q CI:(rL-.(,L. IOU) 6010 501
't)30 203 CONTINUJE
6040J RETURN
6050 501 WRIrE(6,400)K.fL.TOL
6060 WRITE(6,401 ) (M(1),D(l),DC([ ),TC(I),I=2,NI
6070 RETURN

6080 400 FOHRiAT(15,2E15.4)
6090 401 FORMAT(4EI5.8)
6100 403 FORMAr(40H2f0) 1S NO( MUAL Y(N). NOT PERIOD'IC -115.8)
6110 END



6120 SUBROUTINE SPLEVN(XE,YE,YP,N,TOL,X,Y,M,H)
6130 C EVALUATES A SPLINE INTERPOLATION AT XE UHEN THE MOMENTS M(J) ARE
6140 C GIVEN AT X(J).
6150 C YE IS THE VALUE OF THE SPLINE AT XE
6160 C H(J) INTERVAL LENGTHS
6170 C N NUMBER OF MESH POINTS
6190 C Y(J) INTERPOLATION VALUES AT INTERPOLATION P:OINTS X(J) RESP.
6190 DIMENSION X(N),Y(N),N(N),H(N)
6200 REAL M
6210 J~1
6220 300 JzJ+l
6230 IF(i .GT.N) GOfl3 501
6240 IF(XE.GT.X(J))GO TO 300
6250 YE=(M(J-1):*((X(J)-XE)**f3)+M(J)*'((XE-X(J-1,))*:$3))/6.0

6270 1 H(J)/6.0)*(XE-X(J-1))

6290 YP=(-M(J-1)*(X(J)-XE)*(X(J)-XE)+M(,J):.(XE-X(J-1)):f(XE.-X(J-1nt*0.5
6300 YP:(YP*Y(J)-Y(J-1))/H(J)
6310 YP=YP-(M(J)-M (J-1))*HUJ)/6.0
6320 RETURN
6330 501 URITE(6,400) XE,X(N)
6340 RETURN
6350 400 FORKAT(4H1 XE,1E10.4,13H ,EXCEEDS OX ,IE10.4)
6360 END

v



#FILE (CHXL)TBLSOL ON IJTNSRL'C
100 FILE '5(KIND=REMOTEMAXRECSIZL=2.
110 FILE 6(KINb=FRINrERMAXRiECSIZE=13-')
120 F ILE 7( TITLE="TBLSULOH " [LNHISK FROTELTIUNzAVE.MiXllECSIZI-2
130 FILE 8(TITLE=" fBLIPCOPT",KIN['4JS,FILEhPEI-.,2
140 FILE 9(KIND=REfIOTE,MAXRECSIZE=22)
150 FILE 10 (T ITLE="MING3'OPT l 1041FILE TY!E=.,
160 FILE 11(TITLE="THHBETA,IN:IS,FILErYPE:=,h
170 $RESET FREE
180 C PROGRAM TBLSOL
190 c PROG3RAM TO SOLVE PARTIAL DIFFERENTIAL EOUATI0Nb . USES H 0 k4RIEN
')00 C $ HYMANAND KAPLAN IMPLICIT FORMULiAUN
210 C lHE RESULTING Z*)SrEM OF LI1NEAR~ EQUJATIOJNS AI-E SOLVEjI USING A

S2 D IRECT GAUSSI AN FREDUCTI ON APPLIlElI TO THE Fhb COi 1FFI LI11N r mA 1R I
'30 L0MMO NINT/NIHMTH.NSDELTAT

4 COMIM0N;VAR/XV
.-Jo COMMON/CU0OI/,OhL .bODR.CR
'60 COMMlON /COEFIC.'.,, PC

70 COMMON.IDATAIN/IN H.iJF,.UJT .. UVLi- iJPT.
10 CmMM0N/GEOIN/~~ k .. .

-190 MMONU~ JON., J .J1
3 -i C 0 Mr0 N,;T O[. E i TOL

511) REAL i..PF.KT
.5 ,0 D I MENS I uN I I TLE(12I TI TL(3 1

; 30 DIMEN4SION x t2, 1O *J u2. 1n J.) IS~ *Ouru Oi
340 D I MEt4b ION 1 H 2150

5jo DIMEtblUN 'I

sR1'linENSIO4 1, 1t2.i. *FK b(.'0
['IMEti~luN 11 5 0 11 0L~ 15 0.3,3) , 1-~ i.3 3 *CR(150.~

400 DAfA (PCIJ,J=1 ,4),11 .2)..
410 $-0.000,70l, -).028345-0 .38668, 0 .019521 ,
420 $ -0.001953,0.06'2588,-0A'33480.0.i91'il;
430 IRITE(9,411 ) (FL(I ,J) .J= I .4 1I
440 URITE(9.412)
4 50 WJP 15' 1 4 7.4

;6 WRITE.9.4i4)
4 " u RlE-,iu5 415) NS

480 WRITE'S'.415) NS
URirE(,416.1

0 WRITE( 9.41)
Rl--AD (5,41W) NI

J20 WRITE(9.4!'5-) '4I

Ll'AliA TuI.,0 .10 0E -0Y/
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55,0 Uk1TE(9.409) TOL
560 C INPUT PRELIMINARY DATA FROM TAPE
570 READ (8,401 ) (rITLE(J),J=1,12)
580 URITE(6,401 ) (TI[LE(J).J=1,12)

j9o URITE(7,401) TLEJJ=,2

610 WRITE(6.402 ) N, KPK.BL
620 URITEU ,402 ) NI<PK.BL

630 READ (8,405. STAR(.,SFINS,NSTAi.NTlA
640 WRITE(6,405) S [ARr.SVIN'5.N'o14.NTH
650 I.RITE(7.4051 :-)-ART.3FINSN5TAl NTIA

,i.,60 MTH=NTH-1
5,0C SUBROUTINE: INITIAL DEFINES THE INITIAL DAIA

6180 CALL INITAL
690 JO=1
'00o JN=2
220 RE(,42))JJ.S
210 WRIEAD(642?')JJ.SS

' 30 READ (8,42,7) JJ.S'a

,14v IRITE(6.42?) JJ.SS
7ro URITE(*1.422) JJ,SS

/6 0 C ENTER GEOMETRY AND POTENTIAL DATA FOR INITIAL LINE.
270 DO 200 ITH=1,NTH
280 READ (8,408) NDUM,X(1,1TH),Y(1,ITH),TH(1,IIH) ,U Pi, I IT 11UT I ,i fH'
290 URITE(6,408) NDUM.X1 *ITH .Y(1.1ITH'.TH4(1 .ITHA).UIP( I.HH) i 1k.1 TH

810 READ (8.408) N DUm .S(I , I TH) UFL P( IITHU-L T (I IT H).[T L P( 1. I T 1)
8110 $ UTLT(1,ITH)
830 W.RITE(6.408) N DUM, S 1 .ITH) 1j:LP(1 .1 TiA) *ij h-r 1A (H IT LI-, 1 1 fi
dj40 S UTLT(1.ITH)

H6 UTLT(1,ITH)
820 READ (8,408) N DUM, Ki 1( IIT14) , K hI (, I r H .H 1, I1-1) .I 1 1i t) .Gt i T1
A80 URITE(6,408) N DU M, K P( 1 T H K T 1I .I H I , I 1H) , F I. LTi *L36 1 1)

8 Q (d WkITE(?.408W N DU M, KP(1 ,1I1IH .KT( 1 ,. 1A) , H .1 T)r 1- 1 I11 ,, 1. i T 1
,4f 20 0 CONT INUE
"'101 [EL-TAT=TH( 1.2)

9--o 11O 201 I1. NSFT~i
930 S=IS
v940 IF(IS.GT.S) GO TO) 500
950 (RLAIJ(8427) J~j.Ss

v 00 R IT F ' b.4Y .JJ.3
- D0 202 IT.-1.NTH

980 C ENTER GEOMETRY AND 10 [E:NriAL DATA FOR PHiI-STATION JN.
990 READ (8,408) NDIIM,X(JN,IT),Y(JN,I'T), TH(JN,I I)I,UP(,JNIT. ur, .Ni i-H
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1000 READ (8,408) NDUMS(JN,Ir),UF'LP(JN.IT),UFLr(JN.IT),UTLP(JN,lfr
1010 $ ,UTLT(JN,IT)
1020 READ (8,408) NDUM,KP(JN,IT),KT(JN,IT),H(JN,IT),F(JN,IT),GG(JN,IT)
1030 202 CONTINUE
1040 DO 205 II=I,NI
1050 C COMPUTE COEFFICIENTS FOR LINEAR EQUATIONS
1060 C SUBROUTINE ZSYPLN CO6PUTES T14E COEFFICIFNi ALONG THE SYMMETRf
1070 C $ LINE THATA EQUAL ZERO, THE LOAD UIAER LINE.
i080 CALL ZSYPLN
1090 C
1100 C.
1110 C SUBROUTINE LECOEF COMPUTES THE COE-FF.LC.LEr4[ OF [HI- LLNl-.Ak
1120 C EUUATIONS EXCEPT ON fE f irELTi' i.NIS.
1130 C

140 C
1,Iu CALL I.E !JE-j Io.1 _' .3 LUI4 [I I.E

I U0 b u uuu I NE I-SY FI-N COImF'u T -S I HL CU:F :1 I IL N G N H E S I MIM 1-i ".

THATA = Pl!2.
12O L

210 CALL FSYF'I-fO
1220 C $01 UTI ON OF LINEI-AR EQUAT 1ONS 13 XV
1230 C SU)BROUTINE SOLVE COMF'UTES THE SOLUTION.
1240 CALL SOLVE
1250 602 CONTINUE
1260 WRI fL6. 4 0q
1270 I!=,JN
1280 DO 204 IfH-I.rI H
290 WRI [..o,403) TH(K.I IH, , X(IK. I TH) Y 0.", ITi L,TH) * V I TH.I ). I .1 3

1300 WRITE(,7,403)THtK. ITH) ,X(K. ITH), Y(K,I - I .i, I, .1.H , := 1 ,3)
131( 2Q4 CONTINUE

1320 205 CONTINUE

I330 JO=JN
1340 11- JO.E0. ) JN=2
1350 IFi).EGO.2 JN=1
1360 201 CONTINUE
I370 500 LONI INUE
1380 401 F0R iT(12
1390 4C2 F i.,A [k L uI ,,0. I F !0. '

i ,, 403 FO0Rmi!T k 4 FI1O.:4..31-20. )

410 404 FORMA'T(1H:2,qX,611 1HAIA,6X.2' (,9X,2H Y,9'1,24 S,.HI ,i ' i , .
4? 0 $ 2H T.19X.2H H)

1430 405 FORHAI ",2F I S..2 110)
440 , 4,6 j MAT ,10X. 31L 5.
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1450 407 FORNAT(SX,3E15.7)
1460 408 FORMAT(113,5EI5.7)
1470 409 FORMAT(1E14.5)
1480 410 FORMAT(514
1490 411 FORAT(4F10.6)
1500 412 FORMAT(54H NS IS NUMBER OF STATIONS AT UHICH BOUNDARY LAYER Is
1510 413 FORMAT(19H TO BE CALCULATED
1520 414 FORHAT(19H NSm 113
1530 415 FORMAT(113)
1540 416 FORMATk43H NI IS NUMBER OF I'IERAIIONS Al EACH STEP
1c5 n  417 FORMAT(I6H NI= 13

i560 421 FOUMAT(26H INPUT DATA Ou OF ORDER. /218)
1570 427 FORMAT(II3,1F9.6)
1580 470 FORAT(AIO)
1590 END
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1600 SUBROUTINE INVERS(A,A1,T)
1610 C COMPUTES INVERSE OF 3*3 MATRIX A
1620 C AI IS INVERSE TIS TOLERANCE
1630 DIMENSION A(3,3),AI(3,3) ,TM(3,3),EM(3,3)
1640 DET=A(1,1)*A(2,2)*A(3,3)+fA(1,2)*A(2,3)* A(3.1 )+A(2.1):A(3,2)*A(1,3)
1650 D=A'.1 ~1)*A(2,3)*A(3,2l+A(1 ,2)*A(2.1 )*A(3.3)+A(1,3)*A(2,):tA(3.1 I
1660 DET=DET-D
16,10 DAB:ABS (DEl)
1680 IF(DAB.LT.T) 00 TO 501
1690III = I .0/Ek

1690 AI2.U A23*(,)A,1)4A(1.2)

1730.3 A, )-o1 *A 3 3
( 32

18150 Al(.)
1720 20 AIINUEA02*-A23--i

180 flU3,)- 1u 1=1.3A 2 1
1800 L )20 I=1.3

D86 tEMI 210J:.O
1810 AlF(I.EJ) EM(1.~lklJ'-.
1880 20CINI20JE1,

1800 DO 202 1=1.~3
1910 LDO 201 =1,.3
1920 IS1~)=~
19360 JS=mIJ)=~
1940 DTMFT1.(.J) Ef(1,J)-.

1890 201TM=ABS(TM.)+AIK*IK
1900 DO 202.UT1 130052
19107 0 202 JTINU

1980 500 SE=I
1990 JS =JE~.D. E.

19600 IF(A[E(.G101) G A

2010 STOP
2020 502 LRITIE(6,400) DETT
2)030 WRITE(6.401) A
2 0 40 URIIE 6.40OU A.1
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2050 URITE(6,403)~ IS.JS
2060 URITE(6,401) TM
2070 WRITE(6,401) EM
2080 URITE(6,402)
2090 STOP
2100 400 FORMAT(5H2DET=.1E15i.Y',5X,31A Tz,1E15.?" i/2H A.//)
2110 401 FORMAT(3E15W.7

I 120 402 FORMAT(25H INVERS IS NOT CORRECT
2 213 0 403 FORMAT(215)

I2140 END
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1150 SUBROUTINE INITAL
2160 C DEFINES INITIAL CONDITIONS
2170 CDNIION/VAR/XV
2180 C0MHUN/INT/NTH,M'TH.hG.DELTAf
2190 DIHENSION XV(PtJU,)
'200 WJRITE (9,402),,, C4E( y'~
'10 WRITE(9,403)
~2 0 READ(5,404) NC
230 IF(M(L'1100,101,102
240 100 URIM0~.405)
2250 READ (5.401) TH11

60)b URITE(9,401) TIM
.'270 URITEk'9,406)
2280 READ (5.401) T
2290 WRIfE(9* .401) T

2310 READ (5,401) H
2320 URITE(9,401) H
2330 UR11E(6,401iTH11,fT,H

2360 XV(ITH,3.::H

21380 URIrE(6,400) IH11,T,H
2390 URITE(7.4cH ) [H'1vT
2400 RETURN
2410 READ (i *,1 40:3) NTHCK
2420 IF(NTH.NE.M[1ACR G010 300
11430 READ M1.401) ((XVW1J1.J=,3).I-1 .N1H)

2440 WRITE( 6,401) xY1JJI3I1TH
450 WRITE( 7,401) ((XV(I.J).J=1,3),1.1NTH)

2460 RETURN
.470 300 w RI T E(9. 408 ) NH ,N T H C1

2481' WRITE19,409)
2490 S I()P
2500 102 wrTI (90. 4i
i' 10

3 0 5 X,3H H:1F1O.4/; .1

2540 401 FURAT03F10.b,
.50 40,10 ' M T 451 1 : ThlL [N. I N L Y- 1ALI i--a f ! 0

11 ~riK~- i~ ENTER AX

C0 466~ F 11P11t A ! H fAcwIiA: F1v

411 Format (if the Initial Values
are specified as a function of them Enter 1)
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2600 4C,7 FORNAT(19H H= 1F1.5
2610 400 FORNM(H NTH=,II3,/7H NTHCK=,113 II
n~lo 409 FORMAT(48N NUMBE. OF INITIAL DATA NOT CONPATIBLE WITH NTH
2630 410 FORMAT(474 URITE OWN ROUTINE FOR ENTERING INITIAL DATA

2640 END
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2650 SUBROUTINE COEFF(TH,H,SA,CA, T)
2660 C ALL FUNCTIONS COMPUTED IN THIS SUBROUTINE ARE FUNCTIONS OF THATA.
2670 C H, ALPHA, AND T
2680 C SA=SIN(ALFIHA), CA=COS (ALPHA)
2690 C A IS THE COEFFICIENT MATRIX FROM THE LEFT SIDE OF 'THE PDE
2700 C B IS THE COEFFICIENT MATRIX FROM THE RIGHT SIDE
2710 C C IS THE FORCING FUNCTION
2720 C VARIABLES BEGINNING WITH G OR H ARE DEFINED IN SUBROUTINE GS
.'?30 C PC ARE THE COEFFICIENTS OF THE PILYNOMIALS A AND B (NOT RELATED
2740 C TO COEFFICIENT MATRICES) WHICH BRING IN THE RIEYNOLLS NU.i:_;:
?750 C DEPENDENCE.
2760 COfMUN/CHi r, hD U-0
2-77 COMMll,,L/c:8/A,b,,
2,80 £OMMOlz.C(, /G, h1 .H2, TFG. SFG
,f 19 0 COriMON/CGi/3H.UA,GT,HI r,H1H,112 1 H-AI.
•'800 C OMm0'r /CGDD/ GHH, GHA, tj fI, GAA, GAT, GTT
2810 COMMON iC INPLT/UI.IP,VLP,UL rH,"LTI1,UnJ.I"P,I.',T,UMLTH ,UMLP'
.'RO COMMON/COEFPC/PC

2830 COMMON AT
2840 REAL KP.I<T
2850 DIMENSION 3.9.D(3,3),'(3)
2860 DIMENSION G(2.2).GH(2,2),GA(,2,2) ,GI(2,2)
2870 DIMENSION 6HH(2,2),GI-II2,2. GHA(2,2),GAA(2,2),.UAT,2,2.GTI '2 ,.')
':)880O DIMENSION PC(2,4)
2890 UMLT=UMLTH
2900 CALL O-i ,SA, LA,T,1)
2910 C COMPUTE A
2920 600 A(1,1)=G(1,1,
29,30 A(1,2):=TH* 0(1 1)
2940 A(I,3)=TH*(GH(I,I
2950 A(2,1):=G(2,1)

~~2960 A ( 2,2) =T H* GT (2,1I
, 29)70 A ( 2, 3 ) := T -i:t. H ( 2,.1

, 2980 ,A(3.1 ):4TFU

2990 A(3,2) :TH*I1l T
3000 A(3.3) IH*H1H
3010 L COMPUTE B
3020 B( 1 .I ):=G ( 1.2)

' 3030 B I 1. -T= H* I T ( I ,2
i 3040 B'1 i,3)=TH-I:GH, 1 ,21

0B621):G2 2)
,)060 B 2.2 H:I.G T (2.2;
30?0 B , . i -+ . ri . 22 2
AJ80 . 3.1 z SFG

OY, u.3.H2) ;H*H2T

137



3100 9(3,3)=TH*H2H
3110 IF(NT.NE.3) GOTO 100
3120 WRITE(6,400) FG,DGDH,TH,H,I,SA,CA
3130 URITE(6,403) G
3140 URITE(6,403) GH
3150 URITE(6,403)GT
3160 URITE(6,402) A

31910 c RIE(OLD"S DUBRBSD0~LNI SSTA 0:i
3170 U1E64280 100 CONTINUE

3190 C REYNOLDS NUMBER INFLUENCE

1210 RP BS(R'1)

32'70 DO0 200 J=2.4
.3280 PA=RC*PA+PC(1 ,J)
3290 200 PB=RC*PBfPC(2,J)
3300 CF1=EXP (FA*H4PB)
'3310 CFP=CF'l*(CA+T*SA)
3320 CFT--CFls(-SA+r*~CA)
3330 tELTA1=TH*H1
3340 DEL tA7-TH*H2
3350 'TF=TH*TFG
3360 SF=TH*tSFG
3370 C COMPUTE C
3380 UmI=1.0/(is.o+UM)
3390 C( 1 )= 0.5*CFF'-2.0*THrUMI*(G( 1, I)4UMLF'fU( 1 *2)-#UOLT
.5400 IF(.4T.E9.3. URITE(6,401) L(1)
3410 C (1 )= C( 1 )-UM I*(DELAI*ULPf DEL TA21*LLTH)
3420 IF(MT.E9.3) URITE(6,401) C(l)
3430 XKT=G(,2)+G(2,1)+SA*H1
3440 XKP=6(1,1).-6(2,2)-SA*H2

3450 IF(MT.NE.3)GO 10 300

3460 WRITE(6,400) F'A,PB,CF1 .CFF',Crf I
34,'0 l.RTE(6,400) Dl:LTA1,r'ELTA2,TF.SFUMI
3480 URIIE(6,400) XlKT,XKP
3490 300 CONTINUE

3510 IF(hT.E0.3) LRITE(6,401L C(1
3 52 0 C (2)z0.5*CF f-2.0j*UMI*0W(2.1I)~MI+2j ULI

3 3 o Cc ( 2= C 2 -IJflLLM 1 KLLFI10. P -L i A2 'VL fH1)
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3'-5 0 XKT=G(2,2)-G(1,1)-CA*H1i
3560 C(2)= C(2)+TK.#(KP*XKP+KT*XKI)
3570 C(3)=0.025*H-0.022
3580 IF(hI.EG.3) LRITE(6,401) C(3)
3590 UMII1.o/Um
3600 C(3)= C.(-UMIt('TF*UMLP4,SF*UMLT)
3610 IF(MT.EG.31 LRITE(6,401) C(3)
.3620 C(3)= C(3)+rF*KP+SF4(VT
3630 IF(MT.EG.3) URITE(6,401) C(3)
3640 500 RETURN
.650 400 FORNAT(3X,5E1I3.6)
3660 401 FORMAT(3H C= *IE15.65)
36 70 402 FORMAI (31:-15.17
3680 403 FURfAT2E15.7)
.3690 CAT ALOG (BLrEIMY B 8fBLCfJEI- I IfI:zHL kF- rP'20)
3700 END
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31710 SUBROUTINE GS(H,SA,CA,T,MG)
3?20 C ALL FUNCTIONS COMPUTED IN THIS SUBROUTINE ARE FUNCTIONS OiF H,
3730 C $ALPHA AND T
3740 C SA IS SIN (ALPHA) AND CA IS COS(ALPHA)
3?50 C G(I,J) ARE THE FUNCTIONS G SUBSCRIP UJ
3760 C GH IS THE DERIVATIVE OF G UITH RESPECT TU H
3?710 C GA 'ALPHA

37,80 C GI f"
1790 C GHH,GHT,GHA,GTT,GTA,GAA ARE THE RESPECTIVE 51rCONI' PAI1IAL
1800 C $DERIVATIVES.
3810 COMMON/CF/Fb
3920 LOMMO N.1'C FD/ F bP .FBPFP
35830 COMMfON/C6,H1 H.N;l
3840 CUmiMON;Ctu/GHl,GA,i .111 l.H1H,H2.Ht-H

a 8olt COMMON/LF G/ FG, v61111
13860 DIMEN~SION
W87 DIMENSION G(2 ,2-),GIA(-(2,)G(2,2),GT(2.2')
3880 CALL FS(H)
3890 C COMPUTE H1,H2.H111. AND H22
3900 C Hil WILL BE COMPUTED AS IFG
3910 C H22 WILL BE COMPUTED AS SFG
3920 C HlT,HlH.H2T,H2H ARE PARTIAL DERIYATIVES UIIHUITH RESPEC]TO A0iND
3930 C S Hi OF THE FWCI ltS i NAII H22
3940 HIT=-Fb(4)*SA
3950 H2TzFB(4):CA
~3960 Hl;=H*CA+T. Hli
1970 H2.-i:6AtT*112
3980 C COMPUTE THL FUNCTION T:=G*COS(LPHIA)*t4f-FB4*SN(ALPHA )
'3990 C COMPUTE THE FUNCTION SGSNAPr)1~BHOA~~
4000 FG=2.OsHI(H-1.0)
4010 TFG:FG*CA+T*FB(4.*SA
4020 SFG=FG.fSA-T*fFB(4) CA
1030 HIT=-HiT
4040 il)-2
lo~,0 IbDH:-.O/( (H-i 0)*4(H.-1.0))
4060 HlH=CA*DGDH+T*FBP(4n;fSA
40,10 H2H=SA*DGDli-'r*F8lP(4)*CA
4080 C COMPU fATILON OF G'S
'4090 CAS=('A*C A
410U ')A0

414') G6 , I A'---TF -1 4 CAfTI .F B3 )*aAS
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4160 b( 1,2 )=POSACA+4ibt*A fbkl~ 2 A b
4170 G(2.1 )z''SACA.T*(FbI 1)*CAS-Fb(2#,SAS,
4190 Gt2.2,:SAb+T.F0PTSALA + I-jfD3sC(A5
4190 C COMPUTE FIRST DERIVAT11i'a
4200 CSM5S=rCV)-AS

42~ h 1.) F 4 A+

4AU uH 1 2J 0' '3 , LAt; IP *~

4 2 uAk Al. A'C M ' *L I Uk::
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4 320 su ik iouUI1 I E uU Li
4330 L L0O4PUTFA 'HE (Utf iL 100b U iHE L INL0I iLUUAI IONS ki'-Ui ANo -)J
4J40 L lNi 114LIL: kuUMUA1 blj 0~ 1HE I'L.

4350 L) I% A 0 . 9 11 1 L.b .. L'

4 ~ 1 JMM .dP4

11 1 Al

4 4 t .4,j."

ME N

4 4

45. ~ .. .k*



4 '70 URITE(6,400) XKP,XKT
4780 WRITE(6,406) A
4790 WRITE( ,407) 9
4800 URITE(6,406) C
4910 301 CONTINUE
4820 AEIEL=ABS( DELTATB
4930 IF(ADEL.LE.TOL) 60 rO 500
4840 IF(H(JN,IT).LT.TOL) Ga TO0300
4950 IF(GG(JN,IJ).LT.TOL) GO 10 300
4860 SS=S(JNII -S(JO, lb
4870 SST=0.'*S3S/DELTAT
4880 H I I. 01/ H(JN , IT)
489-. G5l1.0/j6GkJN.1T)

4'-*0 r) [to 201 13:1,33

4920 1'0 201 JS=1.3

4950 CALL INVER'.)(AS.AsI.lOL)
4960 I1il.NE.3' 60 TO 302

WRITE'(6,40-1 A~S
4980 LR'TIEk6.40) ';'3-
4990 W1RE([.4

3, 32 C OrqT LwJE

0 Zo I: B=I , 3
~30 Ut] 202 JF-1 .3

0 5 Q DO 202 KZI.3
'J060 2 0D uR (IT , I B .JiB OilR I T.1 I *fASI1( I, K *L~.,
'.)O70 D 6 2 03 IB~1,3

C R lT *iB)=V( IT.lBV
'03-

A Oo K L? 'IF * 1 + -A i ITum

'0' 20 CCf T 1,1E

WR I5 I N I(L 1, NmTG

k 1160 401 FORMA 1 5Y. 3111 DELIAI9. OR GG ARE ZERO.
'70 402 FORMAT(5EX,215.3E15.7)

I b~ 403 FORMAT( 16112Fh~OM 1-ECOEF Mf:= 14//l0X.JH TfilI.15 21i .211,J H,
'-IA 406 FORMAT(15x,3E15.7

)200 4( FORMAT (51.315.6'
§210 r
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0 SUBROUTINE ZSYPLN
5? C COMPUTES THE COEFFICIENTfS OF THE LINEAR~ EQUATIONS FESULI IN FIOOM
5240 C THE IMPLICIT FORMULATION OF THE F'fE ON THE LINE OF '3Ymm;T ,
5250 C THATA= 0.0
5260 COMMON/INT/NTH,MTH,NG,DELTAT

5 211 COM"ON/CI 1OD/0Dk, 1, 11, CR
1-180 COMMON/VAR/XV
32'190 COMM0N/LUEF(-'C/PC ,RL
5300 C 0M M N /DA AI N I H ,U P, UI, S UJP LIP',U TLF'. U1-1LII- T
)~310 COMMON,'EIN/I\P'iK].H,.,6
~32 0 uMMON ,,C BC/ '.
330 LOmmON/C INI-'U ('JL , tLF, IJLIT '.1I. , IJri r 1 t-I ,I I .UMLI-'

14 ; l Cu' DN , -ION, 1), tr

DIMENSON~ PCk2,4)
,38 0 DIMIENSION U P .2. I ,U Ik2 . 10) *T 14 1 .

3 9 0 11 E NS ION S (2, 15 0 ,UfPLP (2. 150.U rLP ( 2, 1 W. UPI-T( 2 ,1 5c' *U t~
'400 DIMENSION KP ( 2 ,150) , K T 21, 150 ) , H(2, 1 JO , F2 1 * IS , 61, I
-,410 DIMENSION 1 ( I50 ,3 , 3 ) , DL k150, 3 3 01-1' ( 1')U. 3,A3 uI 10 J

4 20 DIMENSION A(3,3) .B 3.3 ,C(.3)
'J430 DIMENSION AS(3.3.. A510.:3)

450 m r~i-
J_ 460 ALPHAizATN ffN, (UIkji. .)lI--(JN, I T)

'.J480 Ufi:SURT(UM)
j4 90 zSA=UIkJN.lT)./Uil

I- ,^,,) CAzUP~JN,I1)/UM
'10 ULI-=ULF(JN I r
,5 20 VLi-'UTLF,.JN, i I
J530 UJL T=JI:L JN I

")54U VL T=IJ LT JN I I

Jibu~Ji Xi, IT j

1. 60 l I F (H ( J N, I [ *LT 0.0 0 00 1 6 11 T 1)
.-6 10 1 F G(,'k JN . I j Ii'.U i UJ I.L

-Th II. -) JCUIJ

t 6 vv U IN -i
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5680 CR(If IS)=O.O
5690 C(I[S)=:SS*C(Is)
5700 DO *201 J5=1.3
5710 ODR(1T,IS,JS)=0.0
5720 B(IS,JS)=SST*B(IS,JS)*GGI
5730 201 AS(IS,JS)=HI*A(L3,JS)
57140 liETAS(1,1)*AS(3,3)-A :1 *3nAS(3,.1
i7ro E'ETI=1 .0/'l

170 ) 111,( 11.. 2)DE £lT I AS3(.)* b 1 .)YS
0 RI i, 3., DIE T I(A' i3 . I ):*E(I .2 -A3 11

JYo CF:'IT .2) =XY(.2)
'800 C R (IT iXV1. i. f , ;T L AS(~ i 1 -AS 1 , 1 CfV
~810 1OI tNETUkN
jK2 300 URITE(6,401H
iJB30 IJI T I. , 6 ,4 02 JN MT I iLL I AT .*ii J N ,M m TGi 6 1

'-j8 40 S TOP
;ja5o 400 FuPMAT%( 0X.'jli5.:
8i 4 0 K1 A tk *,)Jn Ii ALf I.H * OR' 0 ARL ZEIAU.

*6j8d0 40?7 FORMA~T (5X,31:15."))
.. :j 8 9 oE r 1
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IJ900 SUBROUTINE FSYPLN
5910 C COMPUTES THE COEFFICIENTS OF fHE LINEAkl" EUIA TIONS RESW. I w3 [Jun
5 920 c THE IMPLICIT FORMULATION OF THE PDE ON THE LINE OF Sinmi i
'930 C IHATA= 0.0

5940 COMMON/ INTINTH, MTH., DELTA T
5950 LOMMON/tE0['/LJE'L,l,U['R.R

9*~ [OflMON/V~kiXV
-9ThLOmhNt/UUOEI-C/FPC .11

,J 8 0 C~nmON/DATrAIN/ TlH.Uf .U f .s .tJFI- F.01LP,IJP'-LT.U ILT
90 C0MONGEO1N/IF,?TH.F, 36

-0u0 COMMON/CABC/ A A
.0 10 COMMON/LINIFUT/ULP,VLP,JLT VI-T,UM1,XKI..Xf"T,UMLf.lriU'

AiV~~ fOrMONJON/JO.,JN
" 3 REAL f' .1(

6040 DIMEN)SION F'C(.150

6 050 DiIENSIGN 0 P . 15 Q Ur k2 I 10T-11,2. I JO

8 l 11IN h 10ON K P I JO V, .I ( 2. 1501 -' 2A . .1 0) . u.2)I
9 0 10 IN DI C 3 ,ODLI 150,-3. 3 011.:1 k0 2.

slo DIt1ENSIUN S. ~

Un-OliN. ~ ~ ~ ~ ~ fu IT UJ. )OI1J, uJN*1 1)

6 1 70 S3A=UT(.JN.IT1UII
0,180 c A = ul JN.I i 12111

90 lJLIF'zUILl: R4. 1 1)
2 V~l-'zbLIZLI'( JN 1

- UL I l'L .iq. 1

2240 [ F!N. I

ThALL LOEFI x Y I 3~ SA . 1.))
,5280 IF(H(JN.I I).L I QUvjOI ) GU 10 3i10
6j290 IF(GG( JNIT'.o .Ko.OOOO1) 6O TO 700)

-i 31 0 5.ST u j 4'), /IILL bIT

b G . 1 .0 13 C, JN. I
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6350 DO 201 IS=1,3
6360 CR(IT,IS)=0.0
6370 C(IS)=SS*C(Is)
6380 DO 201 JS=1,3
6390 ODR(IT,IS,JS)=0.0
6400 V(IS,JS)=SST#B(IS,JS)*GGI
6410 201 AS(IS,JS)=HI*A(IS,JS)
6420 DEI=ASU1.1)*AS(3,3)-AS(1 ,3)et.AS(3.1)
6430 DETII.0/DET
6440 ORF(IT, 1.2):= LIETIt(AS (3.3)*B( I, )-AS( I.3)4dBt 3. 2)

,'j47U CR(IT,2.=XY(1 ,2)

46490 5 Q0 REIURN
o00 300 WRIIE(6,401
e5 10 IAR I I( 6 .402 JN. MI.DLL TATji , T61J.r
i1520 STOP
653Q 400 FtJRMH'T(10..5IA5j.j

rj f, 40', u Rii , A. .3 Q H 0LLTIA I Ii U!",G m C P I -- 1N u

A9i 402 F0RMA(X.21,..Ft..')
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6580 SUBROUTINE FS(H)
6590
6600 C ALL FUNC'TIONS COMPUTED HERE ARE A FUNCTION OF 11
6610 C FB(J) ARE THE FUNCTIONS F BAR SUBSCRIP J
6620 C FBP AND FBPP ARE THE FIRST AND SECOND DERIVATIVES OF III
/.630 C GPH IS G+H WHERE 6=2*H/(H-1)
6640
6650 COMMON/ CI:-/1:7B

6660 MMNF /lFP
66?0 vIMENSION FB(4),FBIF-(4) .F-BI:(4).F--4) ,FrF:.41.F:IP(4)
6680 iz 1.

6 "'Ul L. TH[ i:LLOWING IF STATrEMENT Dl--fERriIiqE,- IF THERE IS A SiNG'iLAR: 1
1 '() c. ONE OF THE FB FUNCTIONS.

'20
6730 I 1 ) 31 -~.J 0

6 4 1101 H M I !:= .)/ HM1I
5 011IS=HA *11*H 1.1

6?60 100 HI.=1 .0 'Hl
-- 0 HI S =~H I

,), 4 0 1S -H*H

S7 0I 1 =FI:H+ 1 0

. 40 ii I-I S - i i21:!-P

So HF P3 = 3 .0
.Abu 104 HPI :-- I 1.0/H P 3

'3~~d 3/,- HP31S1 P3 I *HP 31
6880 HP4=1-14.0
*8,10 1 O'j Hr 4 i.~141/H4

11

P =o 1Ica . 0*Hi -

G.CIH !=HM ISI

* 01u C C0UFU TE 1- id ' IT, F) Ff I [hU I VATlYE F F
'02-1
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7030 F(1)=FHI-2.0*HP1I+HP2I
7040 FFP(1)=-(HIS-2.0*HPlIS+HP2IS)
7050 F(2)=HI-4.O*HPlI+HP2I+4.OHP3I-2.0*tHP5I
7060 FP(2)=-(H IS-4.0*tHP1IS+HP2IS+4.0:;HP3IS 2I.0*cHr5ISi
7070 F(3)= (HI-4.0*HPII+6.0*HP 2I-4.0lfHPF31*HFP4I)
17080 FP(3)=-(HIS-4.O*HPIIS+6.0*HP2IS-4.0*tHP31S+HP4IS)
'7090 F(4)=2.0*(HPII-2.0*HP3I4HFSI)
7100 FP(4)=-2.0*(HiP1IS-2.0*tHP319+HPl5IS)
7110 F(4)=-F(4)

'7140 C COMPUTIL FB.IfPF

500 RETURN

501WPRIE(6,400) H
220 STOP

130 400 1FURiVT (44H1 SINGULARI*IY INi ONtE OF THE F 1 N u. ON

240 13i2H= IF?-.4
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7260 SUBROUTINE SOLVE
7270 C THIS SUBROUTINE SOLVES THE LINEAR EDUATIONS RESULTING FROM [HE
7280 C 0 BPIEN,HYMAN,AND KAPLAN IMPLICIT FORMULATION. A DIRECT GAUSSIAN
7290 C REDUCTION IS APPLIED TO THE SPARSE COEFFICIENT MATRIX.
'300 C THE COEFFICIENT MATRIX HAS THE TRI-DIAGONAL FORM
7310 C (ODL(I),D(I),ODR(I)) WHERE I STANDS FOR THE I-TH ROW AND ODL(';,
'320 C D(I), AND ODR(I) ARE 3*3 MATRICES.
-330 C THE SOLUTION IS XV.
?340 COMMONININI HiTli,M3.*JEL [AT
7350 COMMON/VAR/XV

,'360 COMMON,'CDUU /uDL. 1 .ODR, Cr.
)370 COMmON/TOiLER, TOL
7380 DIMENSION D(150,3,3i,OOL(I,,.J.3).UDR(1I0.3,3.,CR(ITh3)

7390 DIMENSION XV(150,3)
7400 DIMENSION (3. .AI(3.3),(3,3.,UM(3,3),Y 3
"410 WRITE'6,405) (O[R(3.I,J).J=1,3 I. (3,1, I , J.l .- Ll, )
'420 C
7430 C GAUSSIAN REDUCTO1N Bi-6iNS
'440 DO 2u II1 .NIH
45V DU 20 i- .3

,'4oO Q' ;v, l l C< I I

'4A. C A T 1Hi, POI11 Q" iS NIGl11 SIDE OiF EQUAIIL,1.
,480 DO 206 1=1.3
'490 DO 206 Jl .3

Um I j)~
7510 .LFI- 1.EI.A.J.) L1 i.J

k5. dD I ,J1 .. .J)
.'5 U 'u 0 11-, i .1.Ji -- uOF k .L~
5-'. 2k: - . rl~ L ~t;

S It TI (I L. CMuN IL

'L, iu -.1 I 1
.j. Q 1UJ i -1 ,

-6 0 ODL k I I ,J --- O IR  I I . [.1 J)

6. ; () DO 204 K -1,-
'620 204 I,, I .I. iJ)=1L, I i, I,J)+ODF( II, I.K.*ULDR(II -1 1 V
7630 207 AI,J)=D(II,I,J)
;I40 DO 201 1.3
,650 XV(IEI,I ):)" 1I I ,ODF( II,. ,K) V( I I -1 ,K)
"660 201 CONTINUE

26'0 C INVERS flOMPU[S r- INVENSE GF '1iL 313 IAiiR'l A.
11680 CALL !NVERS(A.Ai,f-OL

olO IF ,Ii.I- L.3 (30 I; 300
/70,,) WR ITE','.404, A
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',10 LRITE(6,404) AI
7720 WRITE(6,404) (XV(3,I).1=1A3)
~'730 300 CONTINUE
"740 DO 202 I=1.3

DO0 203 J:=l .3
i, A(:E,J):O.0

,7720 B(I.J)=0.0

DOU 203 1'=!3
28v 0 ;( I , j)=tA I .j)+1k.<*I I*.

~8; 2.3 A~ .1 1JB I DJ R'[ I I~4tR 1 J1
b [1DO 2 u2 =1 3

d3 2 02 Y I I II. 1 V1
;840 DOu 208 I= 1 * 3

DO 2uo J~.3

bsB, I J)-U~

7 t) I FrBYA.Li" .JE -12. (10T0 502
7 tO 20 8 CONTINUE

980 0 o C 0 N 1 wuL
?90

S I HE l, I SAN RIEDUC I I L-- (-um1'~ A 1: . ',fj1 LL I1L r i 0-)--,. .O)1
HAS BEEN 1,:LPLACLD BY 0.0.

1340 I

'080 11) 221 I,:.l .3
'38' D1 L I *V . I 01 L. .4

,1jK 20 tONI T :
I v'

:,- !- 'ju -o ON LCJMFL I-I ',1.
1 A) C Vk i '3) NOWU IHE OLL.) IN

81 40 L
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8160 C
8170 [DO 211l II=1,NIH
8180 211 CONTINUE
8190 eiII=1
8200 DO 209 1=1.3

81,20 DO 210 N1,.3
8230 210 ([~I-D( 1K*V2K
8240 ABSV=ABSwlI-CR(1,I).

8250) IF(ABSY.GE.1 .01-OS0) GUO 'J03
d1,60 212y CONTINUE
836 /Q 110 1

8330 ADSV=ABSI .

8j4) IF(ABSvMiE.1.01-i-05) GUT0 J23
8350 21l4 CONTIN~UE

843c0 Mf ~ I I =NE~ TT

8400 Y ( 1 Y .1 UN ,I .. K~ f .H ,CM I .1

H4 iOF SV ~ %I)!R(

2. .J 1 I . uL.I.01--0

o~ ~ TE .C. -. R.'f

4io:) S7II( , 2 1 *

4 1 7 W R I I E 4,i' m*: .i~ 1T'. HAT,^

wk~ 92T

Ij1



83610 k' rISOL mEANS NU SOLUT ION W~ O i A !NEL' ri,t'4,1: :1 1 ; Nu I 1Ii!
86"0 L IDENTIh( MATRIX DR' A SUBS IITili Jr OF (Hl- SO LO Kti [1 .
,,030 C YIELD THE CORRELT RIGHT SIDE.
H 6 4 ( 400 FORMAT (331-Q MA~TRIX IS SINGULAN A I S IATION I:5~.814 fliA

il~ ~ S. $1FlO.4)
8660 401 FORMAN( 49H12N0 SOLUl1iO FOR v 1'. NOT IDENT ITY iT STA f lij[N-
8670 $115,5X,?H THATA= l1F10.4)
R 6 80 402 F-ORMAT ( 6H2NO ")OLU TION FOR I~ 1 UY f-tl 0JAL R: IUN I iL A ~T AjrT

:4 9 $= 15.tjXH THAIA= .11 ', .4~
3O~ 110Q FJRMA T(I3E 15 .'

?1 40o FG Rri; I T E 1

40, FORM iT 5X .4E 15:
*4J 408 F 0 Pmi, T i A . F KOMh UL')E Ii . .UD u *l i!K L,~ i, F
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.

AI




